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THE RING NEBULA IN LYRA: 


H. C. WILSON. 


The constellation Lyra, which we see to the west of the zenith 
in the evening during this season of the year, contains three ob- 
jects of especial interest. First the lustrous Vega, exceeded in 
brightness only by Sirius among all the stars in the northern 
heavens; second, the famous double-double star ¢; and third the 
wonderful annular nebula, the brightest of its kind, and the only 
one accessible to common telescopes. The Ring Nebulais not visi- 
ble to the unaided eye, but is easily found by pointing a telescope 
midway between the stars # and y Lyre. The nebula lies almost 
in a direct line between these stars, two-fifths of the way from / 
toy. Its place is indicated in the photograph, plate XXIV, Fig. 1, 
by a minute dot at the point of the arrow between the stars 


marked f# and y, in the lower left hand portion of the picture 


The star Vega is shown at the upper right hand corner of the 
plate, the white spot with a halo around it, and the bright stars 
below and to the left of Vega are Sand 6 Lyra. The star 6 1s 


u 


shown by the photograph to bea wide double, surrounded by a 


cluster of fainter stars. This plate was made from a portion of 
a photograph taken August 21, 1897, with the 6-inch Brashear 
doublet at Goodsell Observatory. The exposure given was one 
hour. In this photograph the Ring Nebula looks like a faint 


star, requiring a microscope to show its annular form 

When one directs a small telescope toward the space between / 
and y, which is wholly vacant to the naked eve, he is struck with 
the great number of faint stars that strew the field of view. All 
of these are minute glittering points except one, which looks dull 
and hazy and has a perceptible size. A closer look reveals its 
shape as that of an oval ring, and when one uses a powerlul tele- 
scope the ring becomes quite brilliant and its interior is filled 
with a dim nebulous haze. This is the Rng Nebula. It was first 
noticed by Darquier of Toulouse in 1779. Many drawings have 
been made of this nebula by well known observers and they 
agree tairly well. The best perhaps were by Lassell in 1860 at 
his private observatory in England, Trouvelot in 1871 at Har- 
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vard Observatory, and Holden in 1875 at Washington. These all 
agree in showing the sides of the oval as brighter than the ends 
anda slight extension of diffused light at the ends.  Lassell’s 
drawing shows a faint star near the center of the ring, while the 
other drawings show none. In Lord Rosse’s telescope the nebula 
was completely surrounded by wisps and appendages of all sorts, 
which other observers have been unable to verify. Several ob- 
servers speak of the nebula as glittering as if it were a ‘‘heap of 
star dust,” but its spectrum indicates that it is principally, if not 
wholly, gaseous. The great Lick refractor does not resolve the 
nebula into stars but shows many stellar points within the nebu- 
losity. According to Professor Holden (Mon. Not. R.A. S. 1888) 
no less than eleven stars besides the central star are seen within 
the nebula, and the details of structure of the nebula are so 
numerous and complex as to render it a hopeless task to attempt 
a drawing of them. 

Several photographs of this nebula have been obtained during 
the last ten years, the first, so far as we know, being by Herr 
von Gothard at Hereny, Hungary, in 1886. Mr. Isaac Roberts 
secured a fine photograph in 1887, July 31, with his 20-inch re- 
flector and an exposure (Gf 20 minutes. An excellent photograph 
was published in neha Nov. 1890, which was taken at 
Algiers by M. Trepied with a 13-inch refractor and an exposure 
of six hours. Another taken at the Vatican Observatory witha 
13-inch refractor and exposure of 1" 50" is published in Pubdlica- 
zioni della Specola Vaticana 1891. 

The photographs which we present in connection with this 
paper were taken at Goodsell Observatory by the writer, with 
the 8-inch Clark refractor, which has a third lens placed in front 
of the visual objective to correct it for the photographic rays. 

The first, Plate XXIV Fig. 2, was taken Aug. 11, 1896 with an 
exposure of one hour. The second, Plate XXIV Fig. 3, was taken 
July 27, 1897 with an exposure of 2 hours. The third, Plate 
XXIV Fig. 4, was taken Aug. 19, 1897, with an exposure of one 
hour. Each of these has been enlarged seven diameters in the 
reproduction. In the original negatives the nebula is a very 
small object, only a little more than a half millimeter in diameter, 
so that it is almost wonderful that any detail at all is shown in 
the structure of the nebula. All three agreein showing thecentral 
star, situated as near the center of the ellipse as one can judge 
by eye. In this they agree with all the photographs of which we 
have heard, excepting some taken at Paris, which, according to 
Miss Clerke,* do not show any trace of the central star. 


* System of the Stars, p 261. 








H.C. Wilson. 


The larger picture, Fig. 1 Plate X XIII, is enlarged 48 diameters 
from the negative taken July 27, 1897. The great scale of the 
enlargement brings out the grain of the original negative very 
obviously. The reader must not mistake this granulation for an 
indication of resolvability of the nebula into stars. It is simply 
due to a tendency of the silver grains, as they are formed by the 
chemical action in the development of the negative, to gather to- 
star is not necessarily due to a nebulous character. A true stellar 
point would produce the same kind of an image if the exposure 
were insufficient. This will be apparent from thesize of the image 


gether in little groups. The nebulous appearance of the central 


of the star at the east end of the ring, which shows no trace of 
nebulosity to the eye. The slight elongation of the star image is 
due to imperfect control of the driving clock 

The photographs all show that the northern side of the ring is 
slightly brighter than the southern and that the ends are much 
darker than the sides. In the original negative the space within 
the oval is filled with faint nebulosity, but much of this has been 
lost in the reproduction. No definite traces of any other stars 
than the central one are shown within the nebula. The images of 
stars as faint as that inthe centercould not be distinguished from 
the surrounding nebulosity. 

These photographs afford good examples of both the advan- 
tages and disadvantages of the photographic process in astron- 
omy. For determining the exact position of the nebula, its gen- 
eral outlines and relative gradations of light the photograph is 
far superior to the eye. On the other hand the contrasts between 
light and shade are always increased in the photograph, so that 
the absolute differences of light are far from correct. Again, the 
exposure upon such a faint object must necessarily be prolonged 
and the continual disturbances of our atmosphere displace the 
image this way and that upon the plate, so that what should be 
minute points in the picture are enlarged and overlap each other, 
thus blurring the whole. The same effect is produced to a greater 
extent by the spreading of the image in the film while being de- 
veloped, because of the tendency of the silver grains to group 
around each other. Unless we can employ a _ high enlarging 
power directly in the telescope, while the photograph is being 
taken, we cannot expect to obtain representations of the minute 
details of this or any nebula. Each enlargement of the image, 
however, requires greater light gathering power or longer ex- 
posure in proportion to the square of the increase of diameter. 
It is therefore hopeless to expect that we shall ever be able to so 
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increase the light gathering power of our telescopes, that we may 
shorten the exposure on such faint objects to the fraction of a 
second necessary to avoid atmospheric blurring, and at the same 
time enlarge the image so as to show minute details. 

On the other hand these photographs show about all that can 
be seen by the eye with a moderate sized telescope, and are far 
more accurate than any hand drawings could be. The writer be- 
lieves in the photographic method, especially for depicting the 
forms of large diffuse nebula. The coarser features of the Orion 
and Andromeda nebule are shown, in the numerous photographs 
which are now extant, with an accuracy of agreement which is 
in marked contrast with the disagreement between hand draw- 
ings made even by the same observers at different times.: 

AppED NoTE.—The above was written before the engravings 
were prepared and everything said in description of the photo- 
graphs refers to the photographic prints. The engravings fall 
far short of showing all that can be seen in the photographic 
prints and the latter also show much less than the original nega- 
tives. In Fig. 1.Plate XXIV the faint stars are nearly all lost, 
not one-tenth part of them remaining. In Figs. 2, 3 and 4 of 
Plate XXIV and Pig. 1 of Plate XXIII the fainter portions of 
the nebula are fairly well shown, but in the brighter portions the 
details are lost. We hope at some other time to present better 
reproductions of the photographs, which are really excellent. 


DEDICATION OF YERKES OBSERVATORY 
W.W. PAYNE 


The exercises which were held in connection with the dedication 
of the Yerkes Observatory of the University of Chicago opened 
Monday, Oct. 18, and continued until Friday evening, October 
22. These exercises consisted of a series of conferences which were 
generally held three times each day,at which times papers were 
presented on such topics of scientific interest as seemed best to 
bring forward for consideration and discussion by the astrono- 
mers and physicists present. The first meeting in this series was 
held Monday alternoon at the Yerkes Observatory the manage- 
ment of the Astrophysical Journal was the topic of consideration, 
the editors of the same, in open session, bringing to the attention 
of the meeting things of present interest for the advantage of the 
publication. This matter occupied the greater part of the after- 
noon session. 





PLATE XXIV. 
PHOTOGRAPHIC CHART SHOWING IP?LACE OF RING NEBULA. 


Fig. 2. 1896, Aug. 11. Fig. 3. 1897, July 27 ‘iy. 4. 1897, Aug. 19 


Enlarged 7 diameters. 
THE RING NEBULA IN LYRA. 
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In the evening Professor Burnham used the great 40-inch tele- 
scope in exhibiting some double stars chosen to show the power 
of the mammoth objective. Wecan not speak of this exhibition, 
as we were unable to be present. Those who viewed were greatly 
gratified with what was shown. 

On the morning of Oct. 19 the first paper was by Professor 
Henry Crew of the Northwestern University at Evanston. He 
described experiments made by himself with a purpose to sepa- 
rate, if possible, the light ravs due to electrical action from those 
due to chemical action at the high temperatures in which both 
are produced. No definite results were reached in these experi- 
ments, but it was suggested, as at least possible, if not probable, 
that some of the lines of the spectrum of iron were due to elec- 
tricity, while others may be produced by chemical action. Those 
who participated in the discussion of the paper expressed great 
interest in it, and generally agreed that the investigation if pur- 
sued is likely to vield important results. 

Professor George C. Comstock, Washburn Observatory, Madi- 
son, Wis., next described his work on the determinations of stel- 
lar parallax and on the investigation of the lunar atmosphere. 
Concerning the lunar atmosphere, he studied the question by 
measuring the angular distances of two stars several times while 
one of them was approaching the dark limb of the Moon. With 
the apparatus in his possession such measures could be easily and 
accurately made. He feels warranted in the belief that this 
method will give good results in the future. The work to date 
seems to show that the Moon may have an atmosphere which 
causes a refractive displacement amonnting, at the maximum, to 
one three hundredth part of a second of are 


, and that the density 


of the lunar atmosphere at the surface is about one five thou 


sandth part of the density of our atmosph« 


phere at the surface of 
the Earth. Professor E. C. Pickering of Harvard College Ohse1 
vatory, deseribed a very ingenious method o Ss tion to this 
end which was employed by his brother, William H. Pickering, 
during a recent occultation of the Pleiades by the Moon. It con 
sisted in watching the apparent change in th sition angle of 
the line joining two stars one of which is approaching the lunat 


limb very obliquely, and the conclusion is that there is no unmis 


takable evidence +f the existence of an atmosphere on the Moon 
Professor Hugh L. Callendar, of McGill University, Montreal, 
Ca., called attention to the point made by guod scientific author- 
itv, two or three vears ago, that the kinetic energy of the lighter 


gases is so great that hydrogen could not be retained at the 
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surface of the Moon, nor in a free state high up in our own at- 
mosphere. This fact was mentioned in connection with the pos- 
sible existence of helium in the Earth’s atmosphere. 

In the afternoon of Tuesday, Professor George E. Hale, Direc- 
tor, delivered his address on the Yerkes Observatory, in which he 
directed the attention of visiting astronomers to the recent par- 
allel advance between the study of astronomy and that of phys- 
ics. Hethinks the Yerkes Observatory will have served a good 
purpose if it shall bring these two lines of study into still closer 
relations to each other, enforcing this view by recent instances of 
the mutual aid rendered in the study of helium especially. He 
then called attention to points of interest pertaining to the 40- 
inch refractor. First,its great resolving power, claiming that 
the telescope is powertul enough to separate double stars about 
one tenth of a second of are apart. It was said that Professor 
Barnard had used on the telescope a power of 3,750 diameters, 
and with such power he had obtained an image good enough for 
a measure by the position micrometer. The theoretical limit of 
a 40-inch glass for useful magnification is 4,000 diameters. It 
would appear from the above statement, that the glass has ex- 
cellent resolving power. Fotr or five new difficult double stars 
have been discovered, and twenty exceedingly faint nebule have 
been found by Mr. Barnard. He has also seen the Hind nebula 
which was presumably so faint as to be beyond the reach of any 
telescope. Some other instances of the definining power of the 
great instrument were mentioned and commented on in this con- 
nection, but the above examples are sufficient to illustrate the 
point made by the speaker in regard to what has already been 
seen in the few weeks of use since the completion of its mounting. 
The astronomers of the Observatory feel sure that the great tele- 
scope will add much to our present knowledge in many directions 
which will be useful in solving some problems in astronomy, 
though it may not enable us to say whether the Moon is inhab- 
ited or not, still less the planet Mars, yet it will furnish the means 
of more accurate computations of comet orbits, because the 
comet can be watched through a larger portion of its path, may 
reveal the existence of other satellites and stars than those now 
known, settle the question of the rotation time of the planets 
Mercury and Venus, and possibly also that of the satellites of 
Jupiter. 

Under the head of light-gathering power which is of so much 
value in difficult astronomical research, a comparison was made 
with the Lick telescope at Mount Hamilton, California, the di- 
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ameter of that glass being 36 inches. The ratio of the surface 
areas of the two glasses is as 81 to 100, nearly as4to5a gain 
of more than 20 percent. This important fact tells almost more 
than any other single one in regard to what the great glass of 
the Yerkes telescope ought to do under favorable circumstances 
Another fact of unusual interest is the quality of the Yerkes glass 
in regard to the absorption of light that passes through it. It 
was claimed by the speaker that nearly 28 per ceat of the light 
that falls on the exterior surface of the objective is lost by reflec- 
tion and absorption, so that about 72 per cent is available for 
use. Although the glass is so much larger than the Lick objec- 
tive it is claimed that the loss of light is something less. It will 
be interesting to learn just how this last named fact was asce1 

tained. 

It was also a surprise to some of the visitors that the location 
of the Observatory at so low an altitude as that of the banks of 
Lake Geneva should give such promise of high quality for obser, 
ing purposes. The experience of some of the observers now at 
work at the Yerkes Observatory is long enough and certainly 
varied enough in this particular to give reliable information on 
the much mooted question of altitude for high grade astronomi- 
cal work. This matter also will be followed with interest, for the 
belief has, in recent time past been in favor of considerable alti- 
tudes for the best results. 

A considerable time in the afternoon of Tuesday (and at other 
times as well) was devoted to the examination of the shops be- 
longing to the Observatory, under the guidance of Professor F. 
L. O. Wadsworth and his assistants. These shops occupy a por- 
tion of the basement of the Observatory building and seem to be 
provided with ample room and light for the work to be done in 
them. The two lines of work provided for are the mechanical 
and the optical. Considerable machinery needed for the first 
kind is already in place with the electrical power necessary to 
propel it, and the same was seen in operation. 

Some of the apparatus for grinding lenses was also exhibited 
and a large piece of plate glass five feet in diameter was in place 
to show how the optical machinery is applied to grind the curves 
wanted to make a lens or a mirror. The particular piece of glass 


referred to will be made into a mirror if the grinding is successful. 
Some of the tools to be used in making the necessary curves were 


exhibited, others are yet to be made in the mechanical shop. The 
instruments in process of construction, are an equatorial mount- 
ing for a 24-inch reflector, by the aid of Mr. Ernest Lorenz, me- 
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chanician, spectroheliograph for 40-inch telescope, Mr. Joseph 
Kathan, mechanician, a ruling machine for optical gratings, Mr. 
George C. Mors, mechanician. 

Professor Henry Crew, of the Northwestern University, exhib- 
ited a piece of apparatus designed for the production of the spec- 
trum of the metallic arc. The interesting features about this new 
machine are, that a piece of metal in the form of a disk is set in 
rapid motion and crowded steadily against another substance, 
which by the aid of a current of electricity produce a strong and 
quite steadily continuous are of light containing of course the 
rapor of the metalin motion. The strong light of this arc is re- 
ceived by the slit of the grating spectroscope, and the spectrum 
of the particular metal in question is beautifully and strikingly 
presented to the eve of the observer at the view telescope. The 
ready and the independent way in which this piece of apparatus 
was used in the hands of Professor Crew would lead a visitor to 
believe that it would be very useful in the physical laboratory in 
the production and study of the metallic spectra. 

There were two other pieces of apparatus on exhibition which 
received general attention. They were those used for testing the 
figure of lenses. One belonged to the Yerkes Observatory and 
the other to Mr. Charles A. Lundin, now in charge of the optical 
works of the late Alvan Clark, Cambridge, Mass. Mr. Lundin 
had brought his apparatus from Cambridge to this conference, 
by invitation, for the purpose of showing the manner in which 
the Clarks have done this delicate work for vears past. The illus- 
trations given by both pieces of apparatus were very satisfactory. 

In the evening some disappointment was visibly shown in the 
faces of the visitors in consequence of a clouded sky, at the time 
of promised views of certain celestial objects by the aid of the 
great 40-inch telescope. Later, however, the sky cleared, and 
nearly all present hadan opportunity of viewing the new Merope 
nebula which envelops the star of the Pleiades cluster having the 
same name. This beautiful object we had never seen before. The 
old large nebula about the same star bearing the same name has 
always been considered difficult of observation by any telescope 
except those of large aperture, but easy enough to photograph 
by small telescopes. The old nebula, because of its faintness had 
been the subject of much discussion until a few years ago when 
photography placed its existence beyond a doubt and its place in 
relation to the star Merope beyond any question. But this new 
nebula is now a matter of great interest and its relation to the 
apparently involved star and also to the old nebula will be stud- 
ied with interest. 


a ee ee ee 


ae =i 





AMOLVAMHSUC) SHMMAN 


, 


R Pues LINC 


auert? Eri ™ 





PLATE XXV. 








wipe vaiglarnieeg 





ra aT ETA 


YERKES ORSERVATORY OF THE UNIVERSITY OF CHICAGO, WILLIAMS’ Bay, WIs 


cee sees a ee! AS 











W. W. Payne. 345 


After this single view in a state of seeing not favorable, the sky 
was again overcast and further observation for the night was 
abandoned. 

Wednesday, October 20, was a very full day. It was the last 
day of the sessions of the conference, and every hour was usefully 
employed. Wecan give only a meager report of its proceedings, 
because so much was done, and also because space at command is 
limited. 

Among the papers of special interest was that of Professor Carl 
Runge, director of the spectroscopic Jaboratory Technische Hoch- 
schule Hanover, Germany, on Oxygen in the Sun. He gave a 
brief history of the attempts of physicists to determine this mat- 
ter, giving also some attention tothe laws governing certain lines 
of the spectra of some substances showing the orderly way in 
which they are related. He noticed the mistake that Jewell had 
made in regard to the so-called atmospheric lines of the solar 
spectrum. In Professor Runge’s belief there is evidence by the 
spectroscope that oxygen exists in the Sun. 

The paper by Dr. J. W. Humphreys, University of Virginia, on 
the effect of pressure on wave-lengths was a clear presentation of 
recent studies in this important field. The result of this work 
has already been referred to in this magazine, as may he seen on 
page 334 of the October number. These results are so import- 
ant that they will clearly influence astronomical work in deter- 
mining the velocity of stellar motions in line of sight, and possi- 
bly have to do with information to be gained relating to atmos- 
pheric pressure on the surfaces of the stars. 

Dr. Charles Lane Poor, associate professor of astronomy, 
Johns Hopkins University, presented a paper, on a new form of 
mirror for reflecting telescopes. The form of the mirror consid 
ered was that of a paraboloid with the central part removed. By 
means of drawings the operation of this kind of mirror was ex- 
plained, and the advantages of it for the observer were claimed 
to be great. Ifthe elbow form of mounting should be used Mr 
Poor thought that the observer could always occupy one posi- 
tion while at work, and that there was no good reason why the 
observing room might not he conveniently warm, both of which 
things he thought helpful to the best results. The point of great- 
est difhculty in procuring such a mirror would be to grind it. 
He had anticipated that draw-back and he explained how it 
might be overcome. The paper awakened general interest. 

Professor Simon Newcomb, of Washington, D. C., spoke briefly 
on solar motion and stellar parallax. The direction and amount 
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of the motion of the Sun in space is still a problem of great diffi- 
culty to solve because the data for it are insufficient. We need 
more knowledge of stellar motion and stellar parallax. The 
knowledge of the motions of a few stars in the line of sight will 
not be sufficient. We need such data concerning the great mass 
of stars. The mean motion of all the stars would give the evi- 
dence needed. From a study of the small stars in zones the ap- 
pearance is that the stellar universe is limited in extent, and that 
the individuals of the small stars are really less in size than those 
which are apparently large and near us. 

John T. Hederick, S. J., Georgetown College Observatory, pre- 
sented the way star transits are observed by means of a photo- 
chronograph. The instrument was shown during the description 
and photographs of its work exhibited. This method of observ- 
ing has been in use some little time at the Georgetown Observa- 
tory during which important improvements in the apparatus 
have been made. The apparatus does away with the errors of 
the personal equation which are troublesome in the ordinary 
way of observing. 

Professor H. S. Pritchett, Director of the Observatory at Wash- 
ington University, St. Louis, Mo., gave a paper on the personal 
equation in longitude determination. Professor Pritchett has 
been for many years engaged in longitude work in the south- 
west, and so was able to give results gained from much experi- 
ence in this kind of work. In determining a longitude of any 
place from his Observatory, the first step is to have the longitude 
between two piers, eight feet apart, in his own Observatory de- 
termined by the two observers with all the care and detail later to 
be used by the same persons in the field. The point brought out by 
Professor Pritchett was, that the personal equation in determin- 
ing a longitude of eight feet was identically the same as that 
found in getting a longitude of 1500 miles’) This was said to be 
verified by many different determinations during past years. 

J. G. Hagan, S. J., of Georgetown College Observatory describ- 
ed the atlas of variable stars which he is now making in a very 
clear and interesting manner. He pointed out the obstacles he 
had met in the way of devising an accurate system for the chart, 
and gave his reasons for deciding to pursue the particular plan 
which he had chosen. The views which he presented as to the 
best way of doing this new kind of work seemed to meet with 
general approval and some words of hearty commendation by 
prominent members of the conference followed the paper. The 
burden of printing these charts has been generously assumed by 
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Miss Catharine Bruce. of New York City, whose name for good 
deeds in aid of astronomy is becoming a house hold word. In 
commenting on this paper Professor E.C. Pickering, of Harvard, 
saw no reason why the variable stars of this chart might not be 
carried down to the 12% or 13 magnitude accurately. Variable 
star observers will soon have theaid of a very useful chart for ref- 
erence in this new branch of astronomy. 

Professor G. W. Myers, Director of the Observatory of the Uni 
versity of Illinois presented a paper on the system ot /# Lyra. He 
began by giving some history of the theories of light variation 
and the various methods adopted for the explanation of the 
same, making more prominent the eclipse theory than others, as 
this theory was the basis of his paper, which was more severely 
mathematical than any other presented at the conference. The 
paper was also admirably worked out to the limit of reasonable 
supposition in many directions so that the ready analyst would 
feel satisfied to speak of it as fairly reasonable, using all 
known data to full face value in deriving a theory for the light 
variation of this well known variable svstem. The visitors were 
aided in following the mathematical discussion of the various 
hypotheses to account for the irregular light variation of the 
star svstem by large blue print sheets provided by Professor 
Mvers in number sufficient to accommodate nearly all present, 
which contained all the principal steps in the analysis with the 
equations of reduction placed near the geometrical figures to 
which each set applied. 

It would be very unsatisfactory to any one interested in this 
masterly paper for us to attempt an analysis of its matter or 
methods at this time and under these circumstances. We much 
preter to have Professor Myers favor our readers with a popular 
or semi popular, presentation of the substance of it in an article 
especially prepared for this publication which will fully supply 
what is lacking in this brief notice. 

Professor C. L. Doolittle, director of Flower Observatory, Uni- 
versity of Pennsylvania, gave a paper on the latitude work of 
that Observatory. After description of his new instruments, cuts 
of which have been shown in this publication (No. 43, July last.) 
The method of work pursued in the determination of latitude was 
fully described. The stars chosen were divided into four groups 
of ten pairs each. 


First group was in right ascension between 5° 28™ and 7" g™ 


J 
Second * = . . 12 48 andl4 52 
Third “ = - ni - 17 19 and19 16 
Fourth “ oa Ai = - 7 21 29 and 23 22 
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A detailed statement was made as to the advantages and dis- 
advantages of the particular stars chosen. The so-called Talcott 
method of work was used and observations began Oct. 1, 1896, 
and reductions have been made to August 26, 1897. The results 
obtained at intervals according to dates given below are as fol- 
lows: 


Date. Lat. of Obs’y. 
ee 

Oct. 16, 1896, 29 58 1.91 
Nov. 14 1.86 
Dec. 28 2.08 
Feb. 5, 1897, 2.14 
April 4 2.26 
May 14 2.26 
May 28 2.25 
June 16 2 25 
July 18 2 22 
Aug. 14 = 27(?) 


In the course of reduction the probable error of observation in 
the several groups of stars was as follows: Group 1, 0’.135; 
Group 2, 0.139; Group 3, 0”.137 and Group 4, 0.142. The 
series of results given above is interesting in the gradual change 
shown as the work progressed, except that given under Aug. 14. 
For that date it was said work was less favorable in some par- 
ticulars. In these results is there not a suggestion at least of a 
change of latitude? It will be interesting to compare later re- 
sults with these, if the work is continued, so as to know if the 
results of corresponding times in different years show a period of 
change of the pole of the Earth as announced by Dr. Chandler of 
Cambridge, Mass. 

Professor J. K. Rees, Director of the Observatory of Columbia 
College, New York City, gave a paper on the variation of lati- 
tude and the reduction of the Rutherfurd photographs. For the 
study of the problem of the variation of latitude arrangement 
was made some time ago, between the Roval Observatory of 
Naples and the Observatory at Columbia College for simultan- 
eous observations of a chosen list of stars for this purpose. The 
results obtained in 1893 and 1894 showed a change of latitude 
of about one tenth of a second of arc, the reductions at both 
places being in close agreement. 

In the work of measuring the Rutherfurd photographs, Profes- 
sor Jacoby, Dr. Davis and Professor Rees have participated. It 
was noted that the measures of the photographs of the Pleiades 
had given results comparable with the heliometer work of tri- 
angulation already published. The new Repsold machine had 
given measures of plates taken in 1872 with nearly the same de- 
gree of accuracy as was found in the measures made by Mr. Ruth- 
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erfurd when the plates were new by the machine made by himself 
for this purpose. Plates more than twenty years old had not 
seriously deteriorated except in a few instances. 

Professor G. W. Hough, director of Dearborn Observatory of 
the University at Evanston, by the aid of the stereopticon and 
slides gave a full account of his study pertaining to the surface 
markings of the planet Jupiter for nearly a score of years past. 
The address was instructive to all because Professor Hough is an 
authority in this matter. 

Professor E. E. Barnard, of the Yerkes Observatory, by means 
of the stereopticon presented a great number of his admirable 
photographs of the regions of the Milky Way accompanying 
the same by explanations to bring out new and important fea- 
tures that his pictures show. We have seen nothing that equals 
his photographic work in these rich star fields 

Professor E. C. Pickering, of Harvarii College Observatory, 
also, by aid of the steriopticon, presented some of the rare work 
that his Observatories at Cambridge, Mass.,and Arequipa, Peru, 
are doing. The wonderful results gained by the photography of 
the spectrum of the stars was most happily shown in the ready 
and lucid way in which he speaks. The spectra of those binaries 
which are beyond the reach of the most powerful visual telescopes, 
were pictures of great interest. To see the lines of the spectrum 
so separated or superposed as a consequence of the motion of 
the components of a binary star was an evidence of instrumental 
power in stellar research as convincing in fact as it was astonish- 
ing in reality. Professor Newcomb’s estimate of the work ot 
Harvard College Observatory is a just tribute to its merit. 

Dr. Curt Laves of the University of Chicago gave a brief pape 
on the perturbations of the minor planet Chicago hy Jupiter as 
the disturbing planet. The results obtained were highly interest- 
ing and in some respects novel so far as we now remember in re- 
gard to similar facts pertaining to the perturbations of other 
asteroids. Dr. Laves in the near future will favor 
with an account of this work. 


our readers 


There were several other papers and exercises in connection 
with this series of admiraqle meetings that we are unable to pre- 
sent at this time. 

Thursday was set apart for the dedicatory exercises of the Ob- 
servatory and early in the morning preparations were in progress 
for this important occasion. Mr. Charles T. Yerkes, of Chicago, 
whose name the Observatory bears,came tothe building Wednes 
day afternoon and examined it somewhat in detail, and ex. 
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pressed himself as pleased with all that he saw. A very large 
number of invited guests came by two excursion trains from 
Chicago arriving at the Observatory building about eleven 
o'clock. The procession formed in the main corridor and 
marched to the dome room of the 40-inch telescope, and it was 
said that about 800 people were seated in chairs on the movable 
floor of the dome room which is a circle ahout 90 feet in diame- 
ter. The spacious room was not crowded, apparently one-third 
as many more people could have been accommodated easily. 
Those to participate in the exercises and the guests of honor 
were seated on a raised platform near the wall opposite the en- 
trance. 

The opening exercises consisted of music by the Spiering Band, 
prayer by Rev. James D. Butler of Madison University, and in- 
troductory remarks by President William R. Harper. Then fol- 
lowed the address by Professor James E. Keeler of Allegheny Ob- 
servatory, ‘‘On the importance of Astrophysical research and 
the relation of astrophysics to other physical sciences.’’ He be- 
gan by speaking of the boundaries of the physical sciences as 
not being sharply defined, but that they pass into one another 
by imperceptible gradations, so that often the common ground 
between two allied branches is so broad and fertile that a new 
science is developed for its special cultivation. Such is the nature 
of the new science which has been called the ‘‘ New Astronomy or 
Astrophysies.’”’ This branch seeks to ascertain the nature of the 
heavenly bodies, rather than their positions or motions in space,— 
what they are rather than where they are. Special prominence is 
given to the study of radiation and the analysis of white light. 

The rapidity of the growth of the new science is great. In the 
time of Sir John Herschel, only fifty years ago, it was supposed 
that the existence of great phosphorescent organisms on the 
Sun’s surface was possible. That view compared with present 
knowledge of the sources of the Sun’s light indicates rapid ad- 
vancement. 

A real basis for the science was laid by the invention of the 
spectroscope, and it was claimed that astrophysics has less direct 
bearing on the practical affairs of every day life than the older 
astronomy, but both sciences have a sufficient justification in the 
fact that they enable us better to understand the universe of 
which we form a part. 

There is diversity of opinion as to the exact value of astrophy- 
sical research, because the science is new,and its bearing on other 
sciences is not yet fully known; but important results have fol- 
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lowed one another so rapidly that public attention has been 
drawn to spectroscopy very generally, and large expectations 
have been raised as to what the new science shall bring forth in 
the future. It is certain that: whatever shall be realized in the 
advancement of this science will be shared by the older astron- 
omy as well 

Professor Keeler then spoke of other advantages of the new 
method of study as derived from its achievements of the past, 
also of its application to hard solar problems and others in sci- 
ence awaiting this, or some other means competent to their so- 
lutio... His svrvey of the field of science as it now claims the 
attention of scholars was very complete and highly instructive. 
A fuller review of this able address is deserved, but space for it is 
lacking now. 


THE ASPECTS OF AMERICAN ASTRONOMY .* 


“The University of Chicago yesterday accepted one of the 
most munificent gifts ever made for the promotion of any single 
science and with appropriate ceremonies dedicated it to the in- 
crease of our knowledge of the heavenly bodies. 

‘* The President of vour University has done me the honer of in- 
viting me to supplement what was said on that occasion by 
some remarks of a more general nature suggested by the cele- 
bration. One is naturally disposed to say first what is upper- 
most in his mind. At the present moment this will naturally be 
the general impression made by what has been seen and heard. 
The ceremonies were attended, not only by a remarkable delega- 
tion of citizens, but by a number of visiting astronomers, which 
must be considered large when weconsider that the profession it- 
self is not at all numerous in any country. As one of these, your 
guests, I am sure that I give expression only to their unanimous 
sentiment in saying that we have been extremely gratified in 
many ways by all that we have seen and heard. The mere fact 
of so magnificent a gift to science cannot but excite universal ad- 
miration. We knew well enough that it was nothing more than 
might have been expected from the public spirit of this great 
West; but the first view of a towering snow peak is none the less 
impressive hecause you have learned in your geography how 
many feet high it is, and great acts are none the less admirable 

* Address delivered by Professor Simon Newcomb of Washington, D. C., at 


the Dedication of the Yerkes Observatory in the Kent Theater of the University 
of Chicago, Friday, October 22, 1897. 
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because they correspond to what you have heard and read, and 
might therefore be led to expect. 

‘The next gratifying feature is the great public interest excited 
by the occasion. That the opening of a purely scientific institu- 
tion should have led so large an assemblage of citizens to devote 
an entire day, including a long journey by rail, to the celebration 
of yesterday is something most suggestive from its unfamiliarity. 
A great many scientific establishments have been inaugurated 
during the last half century, but if on any such occasion so large 
a body of citizens has gone so great a distance to take part in 
the inauguration the fact has at the moment escaped from our 
minds. 

‘‘That the interest thus shown is not confined to the hundreds 
of attendants, but must be shared by your great public, is shown 
by the unfailing barometer of journalism. Here we have a field 
in which the non-survival of the unfit is the rule in its most ruth- 
less form; the journals that we see and read are merely the fortu- 
nate few of a countless number, dead and forgotten, that did not 
know what the public wanted to read about. The eagerness 
shown by the representatives of your press in recording every- 
thing your guests would say was accomplished by an enterprise 
in making known everything that occurred and, in case of an 
emergency requiring a heroic measure, what did not occur, show- 
ing that smart journalists of the east must have learned their 
trade, or at least breathed their inspiration in these regions. I 
think it was some twenty years since I told a European friend 
that the eighth wonder of the world was a Chicago daily news- 
paper. Since that time the course of journalistic enterprise has 
heen in the reverse direction, and the course of empire eastward, 
instead of westward. 

‘It is sometimes said—wrongfully, I think—that scientific men 
form a mutual adniration society. One feature of the occasion 
made me feel that we, your guests, ought then and there to have 
organized such a society, and forthwith proceeded to business— 
this feature consisted in the conferences on almost every branch 
of astronomy by which the celebration of vesterday was pre- 
ceded The fact that beyond the acceptance of a graceful compli- 
ment I contributed nothing to these conferences relieves me from 
the charge of bias or self-assertion in saying that they gave me a 
new and most inspiring view of the energy now being expended 
in research by the younger generation of astronomers. All the 
experience of the past leads us to believe that this energy will 
reap the reward which nature always bestows upon those who 
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seek her acquaintance from unselfish motives. In one way it 
might appear that little was to be learned from a meeting like 
that of the present week 





each astronomer may know by publi- 
cations pertaining to the science what all the others are doing; 
but this knowledge, obtained in this way, has a sort of abstract- 
ness about it a little like our knowledge of the progress of civiliz- 
ation in Japan, or of the great extent of the Australian continent. 
It was, therefore, a most happy thought on the part of your au- 
thorities to bring together the largest possible number of visitirg 
astronomers from Europe as well as America, in order that each 
might see, through the attrition of personal contact, what pro- 
gress the others were making in their researches. To the visitors 
at least I am sure that the result of this meeting has been ex 
tremely gratifying. They earnestly hope, one and all, that the 
callers of this conference will not themselves be more disappointed 
in its results; that however little they may have actually to 
learn of methods and results, they will feel stimulated to well di- 
rected efforts and find themselves inspired by thoughts which, 
however familiar, will now be more easily worked out. 

‘*We may pass from the aspects of the case as seen by the more 
strictly professional class to those more general aspects fitted to 
excite the attention of the great public. From the point of view 
of the latter it may well appear that the most striking feature of 
the celebration is to be found in the great amount of effort which 
it shows to he devoted to the cultivation of 


a field qui e outside 
of the ordinary range of human interests A little more 


than two centuries ago Huyghens prefaced an account 
of his discoveries on the planet Saturn with the remark that 
many, even among the learned, might think he had been devoting 


to things too distant to interest mankind an amount of study 


which would better have been devoted to subjects of more im- 
mediate concern. It must be admitted that this fear has not 
deterred succeeding astronomers from pursuing their studies. The 
enthusiastic students whom we see around us are only a detach- 
ment from an army of investigators who, in many parts of the 
world, are seeking to explore the mysteries of creation. Why so 
great an expenditure of energy? Certainly not to gain wealth, for 
astronomy is perhaps the one field of scientific work,which in our 
expressive modern phrase, ‘has no money in it.’ It is true that 
the great practical use of astronomical science to the country and 
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the world in affording us the means of determining positions on 
land and at sea is frequently pointed out. It is said that an As- 
tronomer Royal of England once calculated that every meridian 
observation of the Moon made at Greenwich was worth a pound 
sterling, on account of the help it would ultimately afford to the 
navigation of the ocean. An accurate map of the United States 
‘annot be constructed without astronomical observations at 
numerous points scattered over the whole country, aided by data 
which great Observatories have been accumulating for more than 
a century, and must continue to accumulate in the future. 

“But neither the measurement of the Earth, the making of 
maps, nor the aid of the navigator is the main object which the 
astronomers of to-day have in view. If they do not quite share 
the sentiment of that eminent mathematician, who is said to 
have thanked God that his science was one which could not be 
prostituted to any useful purpose, they still know well that to 
keep utilitarian objects in view would only handicap them in their 
work. Consequently, they never ask in what way their science 
is going to benefit mankind. 

“As the great captain of industry is moved by the love of 
wealth and the politician by the love of power, so the astrono- 
mer is moved by the love of knowledge for its own sake, and not 
for the sake of its application. He is proud to know that his 
science has been worth more to mankind than it has cost. He 
does not value its results merely as a means of crossing the ocean 
or mapping the country, for he feels that man does not live by 
bread alone. If it is not more than bread to know the place we 
occupy in the universe, it is certainly something which we should 
place not far behind the means of subsistence. That we now 
look upon a comet as something very interesting, of which the 
sight affords us a pleasure unmixed with fear of war, pestilence 
or other calamity, and of which we therefore wish the return, is 
a gain that we cannot measure by money. In all ages astrono- 
my has been an index to the civilization of the people who culti- 
vate it. It has been crude or exact, enlightened or mingled with 
superstition, according to the current mode of thought. When 
once men understand the relation of the planet on which they 
dwell to the universe at large superstition is doomed to speedy 
extinction. This alone is an object worth more than money. 

“Astronomy may fairly claim to be that science which tran- 
scends all others in its demands upon the practical application of 
our reasoning powers. Look at the stars that stud the heavens 
on aclear evening. What more hopeless problem to one confined 
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to earth than that of determining their varying distances, their 
motions and their physical constitution? Everything on earth 
we can handle and investigate. But how investigate that which 
is ever beyond our reach, on which we can never make an experi- 
ment? On certain occasions we see the Moon pass in front of the 
Sun and hide it trom our eyes. To an observer a few miles away 
the Sun was not entirely hidden, for the shadow of the Moon in 
a total eclipse is rarely 100 miles wide. On another continent no 
eclipse at all may have been visible. Who shall take a map of the 
world and mark upon it the line on which the Moon’s shadow 
will travel during some eclipse a hundred years hence? Who 
shall map out the orbits of the heavenly bodies as they are going 
to appear in a hundred thousand years? How shall we ever 
know of what chemical elements the Sun and the stars are made? 
All this has been done, but not by the intellect of any one man. 
The road to the stars has been opened only by theefforts of many 
generations of mathematicians and observers, each of whom be- 
gan where his predecessor had left off. We have reached a certain 
stage where we know much about the heaveniy bodies. 

‘‘We have mapped out our solar system with great precision. 
But how with that great universe of millions of stars in which 
our solar system is only a speck of star dust, a speck which a 
traveler through the wilds of space might pass a hundred times 
without notice? We have learned much about this universe, 
though our knowledge of it is still dim. We see it as a traveler 
on a mountain top sees a pstant city ina cloud of mist, by a 
few specks cf glimmering light, from steeples or roofs. We want 
to know more about it, its origin and its destiny; its limits in 
time and space, if it has any; what function it serves in that uni- 
versal economy. The journey is long, yet we want,in knowledge 
at least, to reach the stars. Hence we build Observatories and 
train observers and investigators. Slow indeed is progress in 
the solution of the greatest of problems, when measured by what 
we want to know. Some questions may require centuries, others 
thousands of years for their answer. And yet never was progress 
more rapid than during our time. In some directions our astron- 
omers of today are out of sight of those of fifty years ago; we 
are even gaining heights which twenty years ago looked hope- 
less. Never before had the astronomer so much work, good, 
hard, yet hopeful work, before him as today. He who is leaving 
the stage feels that he has only begun, and must leave his succes- 
sors with more to do than his predecessors left him. 

‘To us an interesting feature of this progress is the part taken 
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in it by our own country. Our traditional reputation has not 
been that of a people deeply interested in the higher branches of 
intellectual work. Men yet living can remember when in the eyes 
of the universal church of learning all cisatlantic countries, our 
own included, were partes infidelium. 

“Yet American astronomy is not entirely of our generation. In 
the middle of the last century Professor Winthrop of Harvard 
was an industrious observer of eclipses and kindred phenomena, 
whose work was recorded in the transactions of learned societies. 
But the greatest astronomical activity during our colonial period 
was that called out by the transit of Venus in 1769, which was 
visible in this country. A committee of the American Philosophi- 
cal Society at Philadelphia organized an excellent system of ob- 
servations, which we now know to have been fully as successful, 
perhaps more so, than the majority of those made on other con- 
tinents, owing mainly to the advantages of air and climate. 
Among the observers was the celebrated Rittenhouse, to whom is 
due the distinction of having been the first American astronomer 
whose work bas an important place in the history of the science. 
In addition to the observations which he has left us, he was the 
first inventor or proposer of the collimating telescope, an instru- 
ment which has become almost a necsssity wherever accurate ob- 
servations are made. The fact that the subsequent invention by 
Besse! was quile independent does not detract from the merits of 
either. 

‘Shortly after the transit of Venus, which I have mentioned, 
the war of the revolution commenced. The generation which 
carried on that war,and the following one which formed our con- 
stitution and laid the bases of our political institutions, were 
naturally too much occupied with these great problems to pay 
much attention to pure science. 

‘American astronomers must always honor the names of Rit- 
tenhouse and Bowditch. And yet, in one respect their work was 
disappointing of results. Neither of them was the founder of a 
school. Rittenhouse left no successor to carry on his work. The 
help which Bowditch afforded his generation was invaluable to 
isolated students who, here and there dived alone and unaided 
into the mysteries of the celestial motions. His work was not 
mainly in the field of observational astronomy, and therefore did 
not materially influence that branch of science. In 1832 Profes- 
sor Airy, afterward Astronomer Royal of England, made a report 
to the British Association on the condition of practical astron- 
omy in various countries. In this report he remarked that he 
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was unable to say anything about American astronomy because 
so far as he knew, no public Observatory existed in the United 
States. 

‘William C. Bond, afterward famous as the first director of 
Harvard Observatory, was at that time making observation 
with a small telescope, first near Boston, and afterward at Cam? 
bridge. But with so meager an outfit his establishment could 
scarcely lay claim to being an astronomical Observatory, and it 
was not surprising if Airy did not know anything of his modest 
efforts. 

“If at this time Professor Airy had extended his investigations 
into vet another field, with a view of determining the prospects 
for a great city at the cite of Fort Dearborn, on the southern 
shore of Lake Michigan, he would have seen as little prospect of 
civic growth in that region as of a great development of astron- 
omy in the United States at large. A plat of the proposed town 
of Chicago had been prepared two years before, when the place 
contained perhaps a half a dozen families. In the same month in 
which Professor Airy made his report, August, 1832, the people 
of that place, then numbering twenty-eight voters, decided to be- 
come incorporated, and selected five trustees to carry on their 
government. 

‘*In 1837 a city charter was obtained from the legislature of 
Illinois. The growth of the infant city, then small even for an in- 
fant, into the great commercial metropolis of the West has been 
the just pride of its people and the wonder of the world. I men- 
tion it now because of a remarkable coincidence. With this civic 
growth has quietly gone on another, little noted by the great 
world, and yet in its way equally wonderful and equally gratify- 
ing to the pride of those who measure greatness by intellectual 
progress. If it be true that in nature nothing is great but man; 
in nan nothing is great but mind; then may knowledge of the 
universe be regarded as the true measure of progress. I there- 
fore invite attention to the fact that American astronomy began 
with your city, and has slowly but surely kept pace with it until 
to-day our country stands second only to Germany in number of 
researches being prosecuted, and second to none in number of 
men who have gained the highest recognition by their labors. 

“In 1836 Professor Albert Hopkins of Wi!liams College and 
Professor Elias Loomis of Western Reserve College, Ohio, both 
commenced little Observatories. Professor Loomis went to Eu- 
rope for all his instruments, but Hopkins was even then able to 
get some of his in this country. Probably neither anticipated 
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the day when European investigators, in need of the most perfect 
instruments that human art could produce, would come to this 
side of the Atlantic for them. Shortly afterward a little wooden 
structure was erected by Captain Gilliss on Capitol Hill at Wash- 
igeton and supplied with a transit instrument for observing 
Moon culminations in conjunction with the work of Captain 
Wilkes, who was then setting out on his well-known exploring 
expedition to the southern hemisphere. The date of these Ob- 
servatories was practically the same as that on which the charter 
for the City of Chicago was obtained from the legislature. With 
their establishment the population of your city had increased to 
403. 

“The next decade, 1840 to 1850, was that in which our prac- 
tical astronomy seriously commenced. The little Observatory of 
Captain Gillis was replaced by the Naval Observatory, erected at 
Washington during the vears 1843-4 and fitted out with what 
were then the most approved instruments. About the same time 
the appearance of the great comet of 1843 led the citizens of 

soston to erect the Observatory of Harvard College. Thus it is 
little more than half a century since the two principal Observa- 
tories in the United States were’established. But we must not 
for a moment suppose that the mere erection of an Observatory 
can mark an epoch in scientific history. What must make the 
decade of which I speak ever memorable in American Astronomy 
was not merely the erection of buildings, but the character of the 
work done by astronomers away from them as well as in them. 

“The Naval Observatory very soon became famous by two re- 
markable steps which raised our country to an important posi- 
tion among those applying modern science to practical uses. 
One of these consisted of the researches of Sears Cook Walker on 
the motion of newly discovered planet Neptune. He was the first 
astronomer to determine fairly good elements of the orbit of that 
planet, and, what is vet more remarkable, he was able to trace 
back the mouvement of the planet in the heavens for half a cen- 
tury and to show that it had been observed as a fixed star by 
Lalande in 1795 without the observer having any suspicion of 
the trve character of the object. 

“The other work to which I refer was the application to .astron- 
omy and to the determination of longitudes of chronographic 
metho l of registering transits of stars or other phenomena re- 
quiring an exact record of the instant of their occurence. It is to 
be regretted that the history of this application has not been ful- 
ly written. ‘In some points there seems to be as much obscurity 
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as with the discovery of ether as an anesthetic, which took 
place about the same time. Happily no such contest has been 
fought over the astronomical as over the surgical discovery—the 
fact being that all who were engaged in perfecting the application 
of the new method were more anxious to perfect it than they 
were to get credit for themselves. We know that Saxton of the 
Coast Survey, Mitchell and Locke of Cincinnati, Bond at Cam- 
bridge, as well as Walker and other astronomers at the Naval Ob- 
servatory, all worked at the apparatus, that Maury seconded 
their efflorts with untiring zeal, that it was used to determine the 
longitude of Baltimore as early as 1844 by Captain Wilkes, and 
that it was put into practical use in recording observations at 
the Naval Observatory as early as 1846 

“At the Cambridge Observatory the two Bonds, father and 
son, speedily began to show the stuff of which the astronomer is 
made. A well devised system of observations was put in opera 
tion. The discovery of the dark ring of Saturn and of a new 
satellite to that planet gave additional fame to the establish- 
ment. 

‘‘Nor was activity confined to the observational side of the 
science. The same decade of which I speak was marked by the 
beginning of Professor Pierce’s mathematical work, especially 
his determination of the perturbations of Uranus and Neptune 
At this time commenced the work of Dr. B. A. Gould, who soon 
became the leading figure in American astronomy. Immediately 
on graduating at Harvard in 1845, he determined to devote all 
the energies of his life to the prosecution of his favorite science. 
He studied in Europe for three vears, took the doctor’s degree at 
Gottingen, came home, founded the Astronomical Journal, and 
took 2n active part in that branch of the work of the Coast Sur- 
vey which included the determination of longitudes by astronom- 
ical methods. 

‘‘An episode which may not belong to the history of astron 
omy must be acknowledged to have had a powerful influence in 
exciting public interest in that science. Professor O. M. Mitchell, 
the founder and first director of the Cincinnati Observatory, 
made the masses of our intelligent people acquainted with the 
leading facts of astronomy by courses of lectures which, in lucid- 
itv and eloquence, have never beer excelled. The immediate ob- 
ject of the lectures was to raise funds for establishing his Obser- 
vatory and fitting it out with a fine telescope. The popular in- 
terest thus excited in the science had an important effect in 
leading the public to support astronomical research. If public 
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support, based on public interest, is what has made the present 
fabric of American astronomy possible, then should we honor the 
name of a man whose enthusiasm leavened 
countrymen with interest in our science. 


the masses of his 


‘The civil war naturally exerted a depressing influence upon 
our scientific activity. The cultivator of knowledge is no less 
patriotic than his fellow citizens, and vies with them in devotion 
to the public welfare. The active interest which such cultivators 
took, first in the prosecution of the war and then in the restora- 
tion of the Union, naturally distracted their attention from their 
favorite pursuits. But no sooner was political stability reached 
than a wave of intellectual activity set in, which has gone on in- 
creasing up to the present time. If it be true that never before 
in our history has so much attention been given to education as 
now; that never before did so many men devote themselves to 
the diffusion of knowledge, it is no less true that never was as- 
tronomical work soenergetically pursued among us as now. One 
deplorable result of the civil war was that Gould's Astronomical 
Journal had to be suspended. Shortly after the restoration of 
peace, instead of re-establishing the Journal, its founder conceived 
the project of exploring the southern heavens. The northern 
hemisphere being the seat of civilization, that portion of the sky 
which could not be seen from our latitudes was comparatively 
neglected. What had been done in the southern hemisphere was 
mostly the occasional work of individuals and of one or two 
permanent Observatories. The latter were so few in number and 
so meager in their outfit that a splendid field was open to the in- 
quirer. Gould found the patron which he desired in the govern- 
ment of the Argentine Republic, on whose territory he erected 
what must rank in the future as one of the memorable astronom- 
ical establishments of the world. His work affords a most strik- 
ing example of the principle that the astronomer is more impor- 
tant than his instruments. Not only were the means at the 
command of the Argentine Observatory slender in the extreme 
when compared with the favored institutions of the north, but, 
from the very nature of the case, the Argentine Republic could 
not suppl? trained astronomers. The difficulties thus growing 
out of the administration cannot be overestimated. And yet the 
sixteen great volumes in which the work of the institution has 
been published will rank in the future among the classics of as- 
tronomy. 

‘Another wonderful focus of activity, in which one hardly 
knows whether he ought most to admire the exhaustless energy 
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or the admirable ingenuity which he finds displayed, is the Har- 
vard Observatory. Its work has been aided by gifts which have 
no parallel in the liberality that prompted them. Yet without 
energy and skill such gifts would have been useless. The activity 
of the establishment includes both hemispheres. Time would fail 
to tell how it not only mapped out important regions of the 
heavens fro.n the north to the south Pole, but analyzed the rays 
of light which come from hundreds of thousands of stars by re- 
cording their spectra in permanence on photographic plates. 

‘““The work of the establishment is so organized that a new 
star cannot appear in any part of the heavens, nor a known star 
undergo any noteworthy change, without immediate detection 
by the photographic eye of one or more little telescopes, all see- 
ing and never sleeping policemen, that scan the heavens unceas- 
ingly while the astronomer may sleep, and report in the morning 
every case of irregularity in the proceedings of the heavenly bod- 
ies. 

‘Yet another example, showing what great results may be ob- 
tained with limited means is afforded by the Lick Observatory of 
California. During the ten vears of its activity its astronomers 
have made it known the world over by their unequalled works 
and discoveries, too varied and numerous to be even mentioned 
at the moment. 

‘*The astronomical work of which I have thus far spoken has 
been almost entirely that done at Observatories. I fear that I 
may in this way have strengthened an erroneous impression that 
the seat of important astromical work is necessarily connected 
with an Observatory. It must be admitted that an institution 
which has a local habitation and a magnificent building com- 
mands public attention so strongly that valuable work done 
elsewhere may be overlooked. A very important part of astro- 
nomical work is done away from telescopes and meridian circles, 
and requires nothing but a good library for its prosecution. One 
who is devoted to this side of the subject may often feel that the 
public does not appreciate his work at its true relative value, 
from the very fact that he has no great buildings or fine instru- 
ments to show. I may therefore be allowed to claim as an im- 
portant factor in the American astronomy of the last half-cen- 
tury an institution of which few have heard and which has been 
overlooked because there was nothing about it to excite atten- 
tion. 

“In 1849 the American Nautical Almanac office was established 
by a congressional appropriation. The title of this publication 
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is somewhat misleading in suggesting a simple enlargement of 
the family almanac which the sailor is to hang up in his cabin for 
daily use. The fact is that what started more than a century 
ago as a nautical almanac has since grown into an astronomical 
ephemeris for the publication of everything pertaining to times, 
seasons, eclipses and the motions of the heavenly bodies. It is 
the work in which astronomical observations made in all the 
great Observatories of the world are ultimately utilized for scien- 
tific and public purposes. Each of the leading nations of western 
Europe issues such a publication. When the preparations and 
publication of the American Ephemeris was decided upon the of- 
fice was first established in Cambridge, the seat of Harvard Uni- 
versity, because there could most readily be secured the technical 
knowledge of mathematics and theoretical astronomy necessary 
for the work. 

‘A field of activity was thus opened, of which a number of able 
young men who have since earned distinetion in various walks of 
life availed themselves. Davis, the first superintendent, adopted 
a policy which, though widely at variance with a naval officer’s 
ideas of discipline, was well calculated to promote the intellectual 
development of the one who had enlisted under him. For several 
years his office was a sort of informal school, not, indeed, of the 
modern type, but rather more like the classic grove of Hellas, 
where philosophers conducted their discussions and profited by 
mutual attrition. When, after a few years of experience, 
methods were well established and a routine adopted the office 
was removed to Washington, where it has since remained. The 
work of preparing the ephemeris has, with experience, been re- 
duced to a matter of routine which may be continued indefinitely, 
with occasional changes in methods and data and improvements 
to meet the increasing wants of investigators. 
| **The mere preparation of the ephemeris includes but a small 
part of the work of mathematical calculation and investigation 
required in astronomy. One of the great wants of the science to- 
day is the re-reduction of the observations made during the first 
half of the present century, and even during the last half of the 
preceding one. The labor which could profitably be devoted to 
this work would be more than that required in any one astrono- 
mical Observatory. It is unfortunate for this work that a great 
building is not required for its prosecution, because its needful- 
ness is thus very generally overlooked by that portion of the 
public interested in the progress of science. An organization es- 
pecially devoted to it is one of the scientific needs of our time. 

‘In such an epoch-making age as the present it is dangerous to 
cite any one step as making a new epoch. Yet it may be that 
when the historian of the future reviews the science of our day he 
will find the most remarkable feature of the astronomy of the 
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last twenty years of our century to be the discovery that this 
steadfast earth of which the poets have told us is not alter all 
quite steadfast; that the North and South Poles move about a 
very little, describing curves so complicatea that they have not 
vet been fully marked out. The periodic variations of latitude 
thus brought about were first suspected about 1880, and an- 
nounced with some modest assurance by Kiistrer of Berlin a few 
vears later. The progress of the views of astronomers generally 
fram incredulity to confidence was extremely slow until. about 
1890. Chandler of the United States by an exhaustive discus- 
sion of innumerable results of observations showed that the lati- 
tude of every point on the earth was subject to a double oscilla- 
tion, one having a period of a vear, the other of 427 days 

“Notwithstanding the remarkable parallel between the growth 
of American astronomy and that of your city, one cannot but 
fear that if a foreign observer had Ixen asked only half a dozen 
years ago at what point in the United States a great school of 
theoretical and practical astronomy, aided by an establishment 
for the exploration of the heavens, was likely to be established 
by the munificence of private citizens, he would have been wiser 
than most foreigners had he guessed Chicago. Had this place 
been suggested to him I fear he would have replied that were it 
possible to utilize celestial knowledge for promoting earthly 
wealth here would be the most promising seat for such a school. 
But he would need to have been a little wiser than his generation 
to reflect that wealth is the basis of all progress in knowledge 
and the liberal arts, that itis only when men are relieved from 
the necessity of devoting all their energies tothe immediats wants 
af life that they can lead intellectual lives, and that we should 
therefore look to the most enterprising commercial center as the 
likeliest seat for a great scientific institution. 

**Now we have the school, and we have the Observatory, which 
we hope will in the near future do work that will cast luster on 
the name of its founder as well as on the astronomers who may 
be associated with it. You will, 1am sure, pardon me if I make 
some suggestions on the subject of the future needs of the estab 
lishment. We want this newly founded institution to be a great 
success, to do work which shall show that the intellectual pro- 
ductiveness of your community will not be allowed to lag behind 
its material growth. The public is very apt to feel that when 
some munificent patron of science has mounted a great telescope 
under a suitable dome and supplied all the apparatus which the 
astronomer wants to use success is assured. But such is not the 
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case. The most important requisite, one more difficuit to com- 
mand than telescopes or Observatories, may still be wanting. A 
great telescope is of no use without a man at the end of it, and 
what the telescope may do depends more upon this appendage 
than upon the instrument itself. The place which telescopes and 
Observatories have taken in astronomical history are by no 
means proportional to their dimensions. Many a great instru- 
ment has been a mere toy in the bands of its owner. Many a 
small one has hecome famous. Twenty years ago there was here 
in your own city a modest little instrument which, judged by its 
size, could not hold up its head with the great ones even of that 
day. 

“It was the private property of a young man holding no pro- 
fessional position and scarcely known to the public. And yet 
that little telescope is to-day among the famous ones of the world, 
having made memorable advances, 1 might almost say a new 
epoch, in the astronomy of double stars, and shown its owner to 
be a worthy successor of the Herschels and the Struves in that 
line of work. A hundred observers might have used the appli- 
ances of the Lick Observatory for a whole generation without 
finding the fifth satellite of Jupiter; without successfully photo- 
graphing the cloud forms of the Milky Way; without discovering 
the extraordinary patches of nebulous light, nearly or quite in- 
visible to the human eye, which fill some regions of the heavens. 

‘*When I was in Zurich last vear I paid a visit to the little but 
not unknown Observatory of its famous polytechnic school. The 
professor of astronomy was especially interested in the observa- 
tions of the Sun with the aid of the spectroscope, and among the 
ingenious devices which he described, not the least interesting 
was the method of photographing the Sun by special ravs of the 
spectrum which had been invented at the Kenwood Observatory 
in Chicago. The Kenwood Observatory is not, I believe, in the 
eve of the public one of the noteworthy institutions of your city 
which every visitor is taken to see, and yet this invention has 
given it an important place in the science of our day. 

‘*Should vou ask me what is the most hopeful features in the 
great establishment which you are now dedicating I would say 
that they are not alone to be found in the size of your unequaled 
telescope, nor in the cost of the outfit, but in the fact that your 
authorities have shown their appreciation of the requirements of 
success by adding to the material outfit of the establishment the 
three men whose works have done such as I have described. 

‘*Gentlemen of the trustees, allow me to commend to your fos- 
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The constitution 
If he 


is destined to advance the science of works of real genius he 
must, like the poet, be born, not made. 
when placed in command of a telescope, goes about using it as 
naturally and effectively as the babe avails itself of its mother’s 
breast. He sees intuitively what less gifted men have to learn by 


long study and tedious experiment. 


He 


The born astronomer, 


moved to celestial 


knowledge by a passion which dominates his nature. He can no 


more avoid doing astronomical work, whether in the line of on- 


servations or research, than the poet can chain his Pegasus to 


Earth. I donot mean by this that education and training will 


be of no use to him. 


They will certainly accelerate his early pro- 


gress. If he is to become great on the mathematical side, not 


only must his genius have a bend in that direction, but he must 


have the means of pursuing his studies 


\id yet I have seen so 


many failures of men who had the best instruction, and so many 


successes of men who scarcely learned anything of their teachers, 
that I sometimes ask whether the great American celestial me- 


chanician of the twentieth century will be a graduate of a univer- 
sity or of the backwoods. 


“Ts the man thus moved to the exploration of nature by an un- 


conquerable passion more to be envied or 


In no other 


pursuit does success come with such certainty to him who de- 


serves it. 


voted to following out the inborn impulses of one’s nature 
investigator o 


commonly await the ambitious man in other fields of activity 


No life is so enjoyable as that whose energies are de 


The 


truth is little subject to the disappointments which 


It 


is pleasant to be one of a brotherhood extending over the world, 


in which no rivalry exists except that which comes out ot trying 


to do better work than anyone else, while mutual admiration 


stifles jealousy. 


And yet, with all these advantages, the experi- 


ence of the astronomer may have its dark si he sees his 


field widening faster than he can advance he is impressed with 


the littleness of all that can be done in one short lile. 


He teels the 


same want of successors to pursue his work that the founder of a 


dynasty may feel for heirs to occupy his throne. 


He has no desire 


to figure in history as a Napoleon of science whose conquests 


must terminate with his life. 
work may be of such 
others and the active support of the public. 


« 


Even during his active career his 
a kind as to require the co-operatian of 
If he is disappointed 


in commanding these requirements, if he finds neither co.opera- 


tion nor support, if some great scheme to which he may have de- 
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voted much of his life thus proves to be only a castle in the air, 
he may feel that nature has dealt hardly with him in not endow- 
ing him with passions like to those of other men. 

“In treating a theme of perennial interest one naturally tries to 
fancy what the future may have in store. If the traveler who 
views the ruins of some ancient city which in the long ago teemed 
with the life and activities of generations of men sees every stone 
instinct with emotion and the dust alive with memories of the 
past, may he not be similarly impressed when he feels that he is 
looking around upon a seat of future empire; a region where gen- 
erations yet unborn may take a leading part in molding the his- 
tory of the world? What may we not expect of that energy 
which in sixty years has transformed a straggling village into 
one of the world’s great centres of commerce? May it not exer- 
cise a powerful influence on the destiny not only of the country 
but of the world? Shall the power thus to be exercised prove an 
agent of the beneficence, diffusing light and life among nations, 
or shall it be the opposite? 

‘‘The time must come ere long when wealth shall outgrow the 
field in which it can be profitably employed. In what direction 
shall its possessors then look? Shall they train a posterity 
which will so use its power as to make the world better that it 
has lived in it? Will the future heir to great wealth prefer the in- 
tellectual life to the life of pleasure? 

‘“We can have no more hopeful answer to these questions than 
the establishment of this great University in the very focus of the 
commercial activity of the West. Its connection with the institu- 
tion we have been dedicating suggests some thoughts on science 
as a factor in that scheme of education best adapted to make the 
power of a wealthy community a benefit to the race at large. 
When we see what a factor science has been in our present civiliz- 
ation, how it has transformed the world and increased the means 
of human enjoyment by enabling men to apply the powers of na- 
ture to their own uses, it is not wonderful that it should claim 
the place in education hitherto held by classical studies. In the 
contest which has thus arisen I take no part but that of a peace- 
maker, holding that it is as important to us to keep in touch with 
the traditions of our race and to cherish the thoughts which have 
come down to us through the centuries as it is to enjoy and util- 
ize what the present has to offer us. Speaking from this point of 
view, I would point out the error of making the utilitarian appli- 
‘ations of knowledge the main object in its pursuit. It is a his- 
toric fact that abstract science, science pursued without any util- 
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itarian end, has been at the basis of our progress in the applica- 
tion of knowledge. If in the last century such men as Galvani 
and Volta had been moved by any other motive than love of pen- 
etrating the secrets of nature they would never have pursued the 
seemingly useless experiments they did, and the foundation of 
electrical science would never have been laid. Our present appli- 
cations of electricity did not become possible until Ohm’s mathe- 
matical laws of the electric current, which when first made known 
seemed little more than mathematical curiosities, had become the 
common property of inventors. Professional pride on the part 
of our own Henry led him, after making the discoveries which 
rendered the telegraph possible, to go no further in the applica- 
tion of his discoveries, and to live and die without receiving a 
dollar of the millions which the country has won through his 
agency. 

“In the spirit of scientific progress thus shown, we have patri- 
otism in its highest form; a sentiment which does not seek to 
benefit the country at the expense of the world, but to benefit the 
world by means of one’s country. Science has its competition, as 
keen as that which is the life of commerce. But its rivalries are 
over the question who shall contribute the most and the best to 
the sum total of knowledge, who shall give the most, not who 
shall take the most. Its animating spirit is love of truth. Its 
pride is to do the greatest good to the greatest number. It em- 
braces not only the whole human race but all nature in its scope. 

The public spirit of which this point is the focus has made the 
desert blossom as the rose, and benefited humanity by the diffu- 
sion of the material product of the Earth. Should you ask me 
how it is in the future to so use the influence thus acquired for the 
benefit of humanity at large, | would say, look at the work now 
going on in these precincts, and study its spirit. There are the 
agencies which will make ‘the voice of law the harmony of the 
world.’ Here is the love of country blended with the love of the 
race. Here the love of knowledge is as unconfined as your com- 
mercial enterprise. Do not think that the main object here 
is to learn the forms of vertebrates and the properties of ox- 
ides, but rather to imbibe that catholic spirit which, animating 
your energies, shall make your power an agent of beneficence to 
all mankind.”’ 
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SOLAR ECLIPSES.—( Concluded.) 
J. MORRISON, M.A., M. D., Pu. D 


For POPULAR ASTRONOMY. 

When all the circumstances of an eclipse are required, such for 
instance, as those given in Nautical Almanacs, Bessel’s method is 
decidedly the best although it involves a very considerable 
amount of labor. The computation of the Besselian elements 
and of the auxiliary quantities ~,, p,, d,, d,, a’, b’, c’, e, f, E and F 
should be made with great care and with seven figure logarithms, 
except in the case of p, p, d, and d, where five figure tables will be 
sufficient. The Mcon’s parallax should be interpolated from the 
ephemeris to at least two places of decimals and should difference 
regularly and if it does not, it must be adjusted until it does do 
so, for any error here will be a disturbing factor throughout 
the entire computation. But when only a few of the circum- 
stances of the eclipse are wanted—such as the dates and places of 
beginning or ending on the Earth generally, the place where the 
eclipse is central at any given time, where it is central at noon, 
etc.—the following method will be far more convenient, just asac- 
curate and requires very little computation compared with the 
Besselian method 

An eclipse of the Sun first begins on the Earth generally when 
the Moon becomes tangent to the cone which envelopes the Sun 
and Earth. To the spectator this apparent contact will be in the 
horizon, the Moon’s disk being wholly above and the Sun's below 
it, the point of contact and the centres of the Sun and Moon will 
evidently be in the same vertical circle and both bodies will be de- 
pressed by the horizontal parallaxes which at that time belong 
to that place. As the Sun’s parallax is very small, it will be found 
most convenient to retain the Sun in his true place and to give to 
the Moon the effect of the difference of their parallaxes. This dif- 
ference is that which influences the relative position of the two 
bodies and should be reduced to the place of observation, but 
since this is unknown, the least deviation trom the truth will be 
obtained by reducing the difference of parallax to latitude 45°. If 
p, denote the radius of the Earth in latitude 45° and //, the re- 
duced relative parallax we shall have 

Il=p,(a7— 7’) 


The places where the central eclipse (either total or annular) is 
first seen, is where the axis of the Moon’s shadow first becomes 
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tangent to the Earth; the centres of the Sun and Moon will then 
be in the horizon. 

Similar circumstances will evidently have place when the eclipse 
finally leaves the Earth. Lets and s’ denote the semi-diameters 
of the Moon and Sun respectively and J, the angular distances 
between their centres as seen from the centre of the Earth, then it 


is evident we shall have the following limiting positions: 


For beginning and ending on Earth generally lI+s+s’ 
4“ a of total eclips« IT+s s’ 
si a of annular eclipse I] s’ S 
- of central eclipse l (131) 
The eclipse is of course total when s sand annular when 
s < s’, provided internal contacts exist 


Referring the Sun and Moon to the surface of a sphere concen 


tric with the Earth, le 


P : B hea 

p - portion of the Moon's relative 

ow 3 h h tinge t it Ss ed 

° ry the re notion the 

Z\ Q . Moot ~ th pole; S the 
< Z Sun: S endicular to the 

A elati\ bit or the line of neat 

= est approach of the centres; C 

0 the point where the Moon's 
comes into conjunction in R.A.,CS 

m\ /p J/¢, > being the difference of declination 

A a J iM B at that time: Wand M’ the posi- 
S tions of the Moon when the eclipse 

H first begins and finally leaves the 


Earth, MS M’S A II+s+s’, and Z and Z the geocen 
tric zeniths of the places where the eclipse is first and last seen 
and which must be in the continuations of SAZ and SAI’ respec- 
tively. HO is an are of the horizon of the place whose zenith is Z 
and the direction of motion is indicated by the arrowhead. 

ZS or ZS = 90° + s’ but for practical purposes may be taken 
equal to 90° without any appreciable error and the Moon being 
so near the horizon will not be sensibly affected by augmentation. 

Let ~’ and »’, be the geocentric latitudes of Z and Z and h and 
h’ the hour angles ZPS, Z’ PS and at the time of conjunction let 


a — relative motion in R. A. i. e., )’s motion in R. A. »)’s 

d fe Decl., ‘* ss Decl. 

D= Difference of decl. at 6,7. e. D’s decl >)’s decl. 

i = inclination of relative orbit AB to a parallel of declination 


through C or the angle CSp. 
v= angle MSp (this angle will be greater than 90° when D is 
negative) 


Note.—The’ mark on Zin the cut was omitted by engraver 
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fhe relative motion in R. A. must be red 


ed to an are of 


Lid a 


erent circle by multiplying it by the cosine of the Moon’s declina 
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; sin J, 

or sin z= —. (144) 
sin /[/ 


where z denotes the zenith distance which is of course less than 
90°, the Sun being now above the horizon. 
In the spherical triangle PZS, we have ZS = z just determined, 


PS = 90° — 0’ ana the angle S, to find the co-latitude PZ and the 
hour angle ZPS or h. Draw ZQ perpendicular to PS and put 
# = QS, then we shall have tan 4 tan zcos S. 
sin 4 J = 
tan / — tan § (145) 
COs (0 + ¢) ) 


and tan ~’= tan (6+ 0’) cos h 


# less than 90° and with the same sign as cos S, fin same quad- 
rant as Sand 0’ the Sun’s declination at conjunction. 
A check on this formula is easily derived thus 


sin @ cos S sin z 
cos (4+ 0”) cos h* cos wy” 
in which all the quantities are involved and which will be satis- 
fied only when all are correct. Finally if /7 be the Greenwich ap- 
parent time we have 
\=h—H (146) 

For a more accurate determination at anv time, reduce the dif- 
ference of parallaxes to the latitude just found, that is correct 
the value of // and recompute as before. 

CENTRAL ECLIPSE AT NOON. 

During the course of the general central eclipse some place will 
have the eclipse central at apparent noon. At this time the Sun 
and Moon will evidently have true as well as apparent conjunc- 
tion in R.A. and S= 0. 

The parallax in altitude will bring the centres into apparent co- 
incidence and we shall have 


; __ sin D 
sin Z : . 
sin // 
and =? +—z (147) 
z to have the same sign as D. Apparent time of 6 =A (west 


longitude of place). 

We will now make an application of these formulz (131) to 
(147) in the case of the total eclipse of January, 1898, using the 
elements as given in the American Ephemeris, which are as fol- 
lows: 
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Greenwich M. T. of 6 in R. A. January 21d 19" 37" 265.5 
and )’sR.A. 20" 18™ 32°.82, Hourly motions 10°.52 and 147°.72 
©’s Declination — 19° 38’ 40.1 Hourly motion+ 0’ 347.5 


)’s - —19 6 27 J a t11 34 .0 
©’s Equa. Hor. Par. 8 9 ‘ssemi-diam. 16 15 .0 
d’s * “6 “4 0 116 d’% * _ 16 23 .3 


From these data we have 


a = 2058”, d= + 659" 5, D=+ 32’ 13” 
i—s7 =G60' 2" .7. p (x7 — 7’) 3596”.62, J 5554.9 


and by (132) we deduce the following results which may be veri- 


fied by the reader: 


i 18° 44000 2".1, Sp 1830”.59, Cp + 620.82 
L T 18" 8*°.42, Tm= 19" 19" 18*.1 
v 70 15’ 31”.8, t yf 22 14. .7 
Beginning 16 LG 2 4 
Ending 21 52 828 
These results differ from th se in the ephen ris by only 0".16 and 


O™.05 respectivels 


By (138) we have S SY 2 Oo %) 
and Ss ae 1 29 7 


By (139) we have 


cos .OT38905T2 ‘ie 
n 7. 9210510 TO 
( a fy _ } ft ( 
1OG6]1 ) 160 
rare l ( rYNOTO5SOZ ) Ooo 
t 79240159 yR54 ys 
( oo 4°" 5 354 a] 
The ephemeris gives + 0° 287.9 and 35° 367.9 
If we now reduce the difference of the horizontal parallaxes to 


these latitudes and 1epeat the computation we shall find the 
agreement practically complete 


For the longitude we have by (139) and (140) 


—tans 2 O52R8892 t ’ O10TSTS5n 
sin 0’ 9 5265748n S  9.52657480n 
tan h 2.5263144n tan / 0.5810037 

h 89° 49’ 46”7.08 } 75° 17’ 45.6 


The Greenwich apparent time of beginning is January 21, 16' 
34 15° and for ending 21" 40" 415, therefore H = 248° 33’ 45” 
and H’ = 325° 10’ 15” 
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“ 


then es H and \’ h’ sig 


338° 23° 31” 249° 52’ 29” .4 
or \ 21 36’ 29” East or \’” 110° 7° 30.4. East 
ephemeris gives 21 38.7 and 110 4.0 
difterence pea au & 

If, however, we proceed to the s« ‘ond approximation we shall 
obtain almost identical 1 
For the beginning and l of central eclipse we have by ! 
: = ] ? 
}) { 7 1d) ) i ‘ 
r 19° 2 ‘ aes 2 
and therefore central l | 
and ends 1) LQ L _ 
By (138) S ( Ss is LO” 40° 13 
ind (189) ¢1 
{/ 1] 14 i | hy ere) 4 Lt) 
WD 6 46 ~5 hi’ 68 37 54 
Phi {sree 1 1 apy i 1) 111 ) { lend « { ¢) 
tral eclipse reduced to are are respectiveh 
Ps i 
Fl 264 17’ 9" md FT’ 309° 28’ 50” 
hence A 9° 47’.2 east and A’ 119° 9’.1 east 
To FIND WHERE THE ECLIPSE IS CENTRAL AT SAy 20" 20" Gret 


WICH MEAN TIMI 


Phis date is 1" O™ 42> after the middle of the eclipse, therefore 





t + 1.0116 + and by (141), (142), (143) and (144) we easily 
find v 18° 36’ 47.6, log 4 3.44230 S 29° 52’ 45’’.5 and 
Z. 50° 20’ 28” and then by (145) and (146) we have 
¢= 46" 17’ 9”.3 A= 24° 65-11" Ss 
Mm aoe 2 iS g—-+ 24° 36’ 38” .5 
and A = 82° 52’ 56” east, which point is near the western 


coast of India. 
CENTRAL ECLIPSE AT APPARENT NOON. 
By (147) we have, since D = + 32’ 18” and /J=1° 0’ 2.1 (the 
difference of the horizontal parallaxes reduced to latitude 13° in 
stead of 45°) 


zZ=32 2° 2 

and go = 0 +-2=> + 42° 48° 41" 

reduction to geograph. latitude + 5 1 ‘ 
@ =-+ 12° 53’.7 See (70) 

We also have =A = 291° 24° 3” west 


To compute the circumstances of an eclipse for a given place by 
this method, it would be necessary to compute the parallax in 
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If L denote the distance between the centres of the Moon and 
shadow we shall evidently have for first and last contacts with 
the penumbra 

L=(a + 2’ +s’) S (148) 

For first and last contacts with the umbra 

ip ( et a s’) + Ss ( 1 1.9 
For first and last internal contacts with the penumbra 
ca co t 7T t s’) Ss (150) 


and for the first and last internal contacts with the umbra 


L=(27+7’—s’) ~ (151) 
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It is necessary to increase theradii of the umbra and penumbra 
by about ., or ,\ of their values by reason of the effect of the 
Earth’s atmosphere. Let S be the geocentric position of the cen- 
tre of the Earth’s shadow which is directly opposite to that of 
the Sun; M the geocentric position of the Moon and P the north 


pole. P 
Put a =R.A. of the Moon. \\ 
a’ =F. A. of S. \ 
R. A. of the Sun + 180 
6 = Declination of the Moon. 
= a of the Sun. 
QO = the angle PSM. 
and ie MS 
then — 0’ Declination of S. 


and a—a angle MPS. 


‘ C@) 
OO 
- 


From the spherical triangle PMS we have 8 | 
sin L sin O = cos 6 sin (a — a’) 
sin L cos Od cos 0’ sin 0 + sin 0’ cos 6 cos (a a’) (252) 


The eclipse will begin or end when L has the values given by 
(148)—(151). As the section of the shadow wiil differ slightly 
from a circle by reason of the spheroidal figure of the Earth it 
will be sufficiently accurate to regard the Earth as a sphere with 
the radius of latitude 45°, which will be equivalent to reducing 

a 


the equatorial horizontal parallax of the Moon or 7 to latitude 


LS, that is, by writing p,7 for 7 where log p 9. 999266. Ow- 
ing to the indefinite outline of both the umbra and penumbra, an 
accurate computation is unneccssary and therefore we may, in- 
stead of, (152) use the following approximate formulz easily de- 
duced from them: 


TL” ‘am 0 (a a’)”’ cos ra) 
oe 
sin <9 sin- : (a a) 
EL,” cos O = (6 + 6’)” —,, (153) 
sin 1 
The term 
1 
sin 26 sin® 2 (a — a’) 
sin 1” 


which we will represent by /, can never exceed 30” and may gen- 
erally be omitted; its value however can be readily computed or 
taken from a table of double entry, in which 6 and (a— a’) are 
arguments. Such a Table is given in Loomis’s Practical Astron- 
omy, Table XVIII, page 385, 1st Ed. 
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7 

If we take Sas the origin of a system of rectangular co-ordi- 
5 i 5 

nates and draw MA perpendicular to PS, we evidently have 


, 


=— (6+ 0’) — f AS (154) 


LsinQ=x=(a--a’)cos6=AM 
LeosQ=y 


following opposition we shallobtain x’ and vy’ their hourly varia- 


tions and asin solar eclipses, taking 7, any assumed epoch near 
opposition and denoting by x, and y, the values of x and y for 
this epoch we shall have for the time of contact T= T, + 7, the 
equations 

LsinQ=x,+x’'t 

LcosO=y,+y’t (155) 
from which rt can easily be obtained by processes already ex- 
plained 


Put msin MW X nsin N \ 
m cos M b necosN " 
then we get 
— msin (AM \ 
sin 
& 
Leos: 777 COS \/ \ ‘= 
r Loto 
li 
i | r 1 T 
where cos / is negative for beginning and positive for the end 
The angle O N+ +: 1s verv nearly the sup nent to PAIS and 
hence the angle of position of the point of contact, reckoned on 
the Moon's limh from the northtoward theeast is N i> + 180 
The time of middle of eclipse 
we a m1 , — 
or 7 7 cos i AN (19% 
n 


and for the least distance D between the centres we have 


D=msin (Al N (158) 
and if AZ denote the magnitude of the eclipse we shall evidently 
have 

Seat |, 
M - , Where L is given by (149) 











8 Total Eclipse of the Sua in January, 1898 


STATIONS FOR OBSERVING THE TOTAL ECLIPSE OF THE 
SUN IN JANUARY, 1898 


The land path of the line of the total eclipse of the Sun com- 
mences from a little south of Ratnagiri, on the Bombay coast 
and runs in a north-easterly direction to Nepal, passing nearly 
over Mount Everest, and then disappears in Thibet. The shadow 
yf \Lo i | t] h ul re 4 he Bom] \ 
Presid | hf 

= C4 “ws ! ‘ ‘ ' 

PALS OF A H 
1 4 ‘ 4 
CHL oO Lil veucad t i is 
the wilth « i¢ shado roughly fi miles. Hence ie rea 
from which obser ions could be taken is enorme In India 
‘ ) j , " 1 
however, TACIICICS I { Y simplv ado 1 a 1 1 ove 
by far the greater p country rd as ( lation 
for European travellers is 1 more scanty than the means 
transport, the number of stations from which observations of 
the forthcoming eclipse are likely tobe made is much smaller than 
would be expected \s the duration of the total phase of the 
eclipse on the central line decreases from about two minutes ten 
| Rom! . t 4 ! t ' ] 
seconds on the Bombay coas about one minute forty seconds 
in parts of Bengal and the Northwest Provinces, the natural 
tendency will be for observers to prefer the western stations. In 
addition, too,it would appear that the meteorological conditions 


are more favorable at the western than at the eastern or central 
stations on the line of totality. 

The majority of travellers visiting India for the purpose of ob- 
serving or secing the total eclipse will land either at Bombay or 
Calcutta, probably at the former station. From Bombay sev- 
eral parts of the line of totality can be comfortably visited. The 
stations on the Bombay coast can be very easily reached by the 
local steamers of the Bombay Steam Navigation Company. As 
at present arranged, there is a daily passenger steamer to and 
from Bombay, calling at such ports as Ratnagiri and Viziadurg, 
which are close to the central line, and at Javgad, which is close 
to the north limit of the line of totality, and at Dewgad, which 
is just within the southern limit. Combined passenger and cargo 
steamers also leave Bombay for some of these ports twice or 
three times weekly. The journey only takes from twelve to 
eighteen hours each way. The fares are cheap, the first-class 
fare from Bombay to Ratnagiri being seven rupees; the second, 
two rupees; and the third, one rupee four annas. It should be 
remembered that these fares do not include food; also that the 








Total Eclipse of the Sun in January, 1898 379 


steamers are small, even the combined passenge 
steamers having only about five cabins. Het ssengers shoul 
take their own bedding and food, and, fore sake, s ld 


travel with their own servant 


the Last Indian and Bengal Naepore es 1 v, the latt 


| ; ; Py ; ] 
railway being ] ed at Assense ! e East Indian 
Railway 
\no het section ol the line Ol Ot Ey 11 ) reached by Con 


tinuing the journey by the Great Indi Peninsular Railway from 


Bhusawal Junction to Jubbalpore, where the East Indian Rail 


way is joined, and then passing southwards from Katni by the 
Bilaspur branch. Again, this railway line crosses the path of the 
Moon's shadow at a point where there are no towus of any im 
portance, 

The other parts of the line of totality which are crossed by the 
lines of railway could be reached either from Bombay by contin- 
uing the journey from Bombay to Allahabad, and then turning 
southwards on the East Indian main line, or more easily by 
making Calcutta the starting point, and proceeding northwards 
from there. The main line of the East Indian Railway crosses 
the line of totality from a little south of Benares to a little north 
of Arrah, the considerable station of Buxar being almost on the 
central line. There is also a small branch line leading to Ghazi- 
pur, which is said to be a good place for observations, and is also 
a fair-sized station. Again, leaving the East Indian Railway at 
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Bankipore by means of the Bengal and Northwestern Railway, 
the path of the shadow can be easily visited, the considerable 
station of Chupra being near the southern limit. Again, by leav- 
ing the East Indian Railway at Mokameh, two sections of the 
shadow path can be reached by the Bengal and Northwestern 
and Tirhoot Railway, and the most considerable station on these 
two lines is Motiharee. 

There are, therefore, eight sections of the path of the eclipse 
which are cut by various railways, in addition to the coast line 
which can be reached by the line of steamers; so that nine sec- 
tions, or stations on the central line, could be easily occupied if 
necessary. 

A considerable amount of local information as to sites suitable 
for observing parties has been collected by a committee of the 
Asiatic Society of Bengal at Calcutta,* and in connection with 
the inquiries made, the various railway companies on which ob- 
serving parties would have to travel have very liberally promised 
to make considerable reductions from their usual rates of fares, 
and for carriage of luggage, instruments, camp furniture, etc., to 
allbona fide observers and observing parties. Thus the Southern 
Mahratta Railway, running in the West of India, offer to give 
free passes to all observers; the Great Indian Peninsular Railway 
will allow all parties of observers to travel at half rates on or- 
dinary trains; and the East Indian, Bengal and Northwestern 
and Bengal Nagpore Railways will make a reduction of 25 per 
cent. trom their fares, etc. to observers and observing parties. 

It must not, however, be thought that the conditions in India 
for parties travelling are the same as in England or Europe gen- 
erally. Food can be had at the various refreshment rooms on all 
the main lines of railway, but on the branch lines the passenger 
has frequently to carry his own food. Again, all first and second 
class passengers travelling at night in Indian railwrys are en- 
titled to a sleeping berth without extra charge; but each passen- 
ger must provide his own pillows, rugs, etc , if he wishes to be 
comfortable. 

Again, in the matter of accommodation for visitors, conditions 
in Indian towns and villages are very different from those in 
Europe. At such towns as Calcutta, Bombay and Benares hotel 
accommodation is fairly plentiful; but even here at certain sea- 
sons of the year the demand is larger than the supply, and rooms 
should be engaged b: forehand. 


* Copies of the information collected could probably be obtained by applica- 
tion to the Honorary Secretary, Bengal Asiatic Society, 57 Park Street Calcutta. 
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Except at such large towns as those mentioned, or at places on 
the usual route of tourists, hotels are not to be found, and in the 
great majority of cases travellers in India have to make their 
own arrangements for living and accommodation. At the head- 
quarters stations in the various districts into which India is di- 
vided, it is true that Government keeps up small houses called 
district or travellers’ bungalows, or in Bengal called dak bunga- 
lows. Travellers’ bungalows are to be found at Ratnagiri, also 
at Indapur and Kumbhargaon in the Sholapur district, Satara 
(probably) Nagpore, Ghazipur (empty bungalows), Robertsganj 
(near Mirzapur), Ballia (near Buxar), Chupra, ete. Such bunga- 
lows usually contain three or four rooms and are provided with 
necessary, but not luxurious furniture, and a few servants are in 
attendance. A small fee is charged for residence; but in the event 
of astay of more than twenty-four hours being made, a new ar- 
rival has a prior claim to be accommodated over the older resi- 
dents. The servants at these bungalows can usually provide 
plain food. Small waiting rooms are to be found at most of the 
stations on the various lines of railway crossing the path of the 
eclipse; and the railway companies would probably allow ob 
servers to occupy these, but in such cases travellers would have 
to make their own arrangements for living and sleeping. Failing 
travellers’ bungalows or the waiting rooms at stations, the only 
plan would be to camp out, and this will probably have to be 
done in the great majority of cases. , Tents and camp furniture 
~an be purchased, and in some cases hired at large towns in In- 
dia; and in addition the Government of India in the Military De 
partment have promised to lend tents and the ordinary articles 
of camp furniture as far as they may be available for the use of 
bona fide scientific observers who may come out to India for the 
purpose of witnessing the total eclipse of the Sun. Probably, 
also, tents could be procured in some instances from the Magis- 
trates and Collectors and other officials of districts who would 
be certain to give every assistance in their power to observing 
parties. Here, again, arrangements would have to be made by 
each party or person as to servants, commissariat, etc. If any 
station were selected at a distance from large towns or head- 
quarters of districts, arrangements for food would have to be 
made beforehand, for only things like fowls, eggs, milk, rice, etc., 
-an be purchased at the smaller stations. Indian servants can, 
however, always be procured who are accustomed to camp life, 
and who can take the greater part of the responsibilityin making 
such arrangements. 

In a few cases the easily accessible sites near to lines of railway 
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communication are situated in districts where there are Ei 


iro pe an 
Indigo and other factories This is especially the case in Bengal, 


where the line of totality actually passes through Tirhoot, ete. 
The managers and other European gentlemen in charge of such 


factories have a well-deserved reputation for almost boundless 


hospitality, and an observing party stationed in such a district 
would be certain of a warm and hearty welcome fhe districts, 


however,in which European planters reside in India are. unfortu- 


nately for travellers, comparatively few.—Nature, 
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1,500 minute stars within the nebula, while the nebulous character of the whole 
was still apparent. Two thin, dark parallel streaks, somewhat like two cracks, 
were found to run through the mass of stars, and have since been noticed by 
other observers. In the spectroscope, this nebula gives clearly a continuous 
spectrum, thus proving that it is not a mass of incandescent gas, but rather a 
highly-condensed star-cluster, at least in the central parts. 





oR! 


WEST H 





THE CONSTELLATIONS AT 9 P. M., NOVEMBER 1, 1897, 


About the end of August, 1885, a star of the 6.5 magnitude, suddenly ap- 
peared near the centre of the nebula, which gave a continuous spectrum, contain 
ing, probably a few bright lines. By the middle of the following September it 
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had dwindled down to 8.5 magnitude, and in the summer of 1886 had disap- 
peared entirely, even the great refractor at Washington failing to discover it.* 
CONSTELLATION OF CASSIOPEIA. 

Cassiopeia is represented on celestial maps, seated on a throne or chair, and 
holding in her left hand the branch of a palm tree. 
in the Milky Way. Her foot rests upon the Arctic Circle, upon which her chair is 
placed. She is surrounded by Andromeda, her daughter, Cepheus, her husband, 
and Perseus, her son-in-law. 


Her head and body are seen 


TELESCOPIC OBJECTS OF INTERERT 

Alpha Cassiopeiz (Schedar) is a star of the 2.2 magnitude, of ruddy hue, and 

found to be slightly variable by Birt and John Herschel in 1831. [t hasa com 
panion of the 9th magnitude, at 60” distance. R.A. 0" 34™, Decl. + 55° 537.4 

Beta Cassiopeiz (Caph) is a double star, the components being of the 2.5 


aw 
and 11 magnitudes. Burnham, who observed this star with the 18-inch refrac 


tor at Chicago, states that he saw more than a dozen very faint stars nearer to 


the primary than this companion. R. A. 0". 3™, Decl. + 58° 29’ 
TEMPORARY STAR OF 1572 

R. A. 08 19™, Decl. + 63° 24’. ‘‘ This is the place of the new star in Cas 
siopeia, which Tycho observed from the eleventh of November, 1572, till March, 
1574, as a star of the first magnitude. D’Arrest has made a list of all the stars 
inthe neighborhood of Nova, with the aid of the large refractor at Copenhagen, 
and states that any star not yet set down in his chart, which may appear within 
a radius of 10’ from the place of Nova, may be considered as either new or vari- 
able.’’§ 


“The star remained visible, we learn, about sixteen months, during which time it 
kept its place in the heavens without the least variation. ‘It had all the radiance 
of the fixed stars, and twinkled like them; and was in all respects like Sirius, ex- 
cept that it surpassed Sirius in brightness and magnitude.’ It appeared larger 
than Jupiter, which was at that time at its brightest, and was scarcely in 
ferior to Venus. It did not acquire this lustre gradually, but shone forth at once 
of its full size and brightness, ‘as if,’ said chronicles of the time, ‘it had been of in- 
stantaneous creation.’ In three weeks it shone with full splendor, during which 
time it could be seen at noonday, by those who had good eyes, and knew where 
to look for it. But before it had been seen a month, it became visibly smaller, 
and from the middle uf December, 1572, till March, 1574, when it entirely disap- 
peared, it continually diminished in magnitude. ‘As it decreased in size it varied 
in color; at first its light was white and extremely bright; it then became yellow- 
ish; afterwards of a ruddy color like Mars; and finished with a pale livid white 
resembling the color of Saturn.” 


PLANET NOTES FOR NOVEMBER. 


H. C. WILSON 


Mercury will be at superior conjunction with the Sun November 7, and will 
not be visible to the eye during the month. 
Venus is the bright morning star seen toward the east by early risers. She is 
* Klein’s Star Atlas, p.12. Explanatory text. 
+ Explanatory Text, p.12. Klein’s Star Atlas. 
§ Star Atlas. Explanatory Text. p.11. Klein. 
| Myths and Marvels of Astronomy. pp. 164-165. R.A 


t Ibid, p. 11 


Proctor 
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slowly approaching the Sun, passing around to the farther side of her orbit. Her 
disc is now nine tenths full, but her brightness has diminished to less than a third 
of that which the planet possessed in June. 

Mars, Saturn and Uranus are also in the vicinity of the Sun. Uranus and 
Mars will be at conjunction with the Sun and with each other on Nov. 21. Saturn 
will be at conjunction on the 24th. Mercury will pass Mars on the 12th, Uranus 
on the 16th, and Saturn on the 18th. Mars and Saturn will be in conjunction on 
the 27th. 

Jupiter is on the meridian at about 9 o’clock in the morning and may be best 
observed in the morning twilight. The planet isin the western part of the con- 
stellation Virgo and will move southeast through that constellation during the 
month. 

Neptune may be observed with the aid of a telescope during the greater part 
of the night. Its position on Nov. 15 will be Right Ascension 5" 24™ 55°; Declina- 
tion north 21° 48’. This is not far from the star 6 in the constellation Taurus. 
Its motion is slow westward. 

The Sun has been comparatively free from spots during the past month, there 
being no spots seen on several days. 


Occultations Visible at Washington. 





IMMERSION. EMERSION. 
Date Star's Magni- Washing- Angle Washing- Angle 
1897. Name. tude. ton M.T. f'm N pt. tonm.T. f'm N pt. Duration. 
h m ss 1 m i h m 
Nov. 1 29 Capricorni....5.7 8 30 73 9 38 221 i. 
5 45 Piscium........ 6.9 10 40 3 11 34 284 QO 54 
re 6 38 128 e 179 0 29 
9 66 Arietis} 4 44 &6 §& 36 237 O 52 
S 26 Favti........:: 15 54 143 16 34 208 Q 40 
9 » Tauri... ; 16 19 103 17 28 250 1 9 
S BT Vath... 17 20 121 18 14 235 O 54 
a 3.2 17 16 100 18 19 256 1 3 
§ o* Cancri...... <<? 16 22 175 : he ae 245 O 50 
17 43 Leonis’........ 6.5 10 14 133 11 0 267 O 46 
29 50 Capricorni...6.9 5 46 59 7 3 229 . 2 
30 B.A. T951"....6.7 13 26 83 14 10 230 0 47 


* Whole occultation below the horizon of Washington. 
+ Immersion below the horizon of Washington. 


The Moon. 


Phases Rises Sets 
Local Time 
ON. 2 Pinel Oderter........55.si0s000 1 20P.M. 11 33 P.M. 
FOND DO vo sccccccciaccscaccses @ 2% “ 8 23a. M. 
sy eo ee 0 Ss. * 12 48 P.M. 
BE New BOO ti icccccessecccscsscss 7 49a. M. ez * 
BO Fret Ouartet..ccscccisccses.. 12 10Pp.mM. 1 44 “ 


VARIABLE STARS. 
J. A. PARKHTRST 
SS CYGNI. The maximum just passed has taught usseveral interesting facts. 


In continuation of the reports in the September and October numbers, it should 
be noticed, first: After a steady decline the star reached its normal light, 11.2 or 
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11.3 mag., Aug. 20, and remained at that light till Sept. 26. I have 26 observa- 
tions during this interval. The following observations, in Greenwich time, will 
show the rise. 
™m n 
Sept. 26.53 11. Sperra 10.75 Parkhurst 
26.54 11. Parkhurst 9.80 Parkhurst 








~~ Ww 
~ 


26.88 11.22 Daniel 27.95 10.4? Sperra 

27.54 11.0 Daniel 28.50 8.82 Daniel 

27.56 10.8 Sperra 2853 8.86 Parkhurst 
28.55 8.7 Sperra. 


It is seen from this that the rise from 11.0 mag. to 9.0 mag. occupied nearly 


24 hours. It has been suggested that the time of passing some particular magni 


7792 «8 S Cygni. 
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tude in this rapid rise, would furnish a more sharply defined point for reckoning 


the period, than the actual crest of the curve, which may be uncertain by a whole 
day. The mean of the magnitudes of the comparison stars a and c (see Sept. 
number) would give a good point of reference. Reckoned from this, the interval 
since the last maximum would be 50 9 days, (Aug. 8.3 to Sept. 28.2) with an un 
certainty of not more than 0.1 day. The crest of the curve seems to have been 
passed about Oct. 2.5, giving an interval of 53.0 days since the last maximum. 
The star remained above 9th magnitude 10.5 days, as compared with 5.0 days 
at the August maximum. For convenience of comparison, 1 have included both 
light curves in the accompanying illustration, the full line showing the present, 
the dotted line the August maximum. The resemblance of these two curves to 
those for U Geminorum, is very striking. See PopuLark Astronomy for May, 
1897, page 17. 

The accompanying illustration includes 16 observations by Zaccheus Daniel, 
11 by W. E. Sperra and 21 by J. A. Parkhurst, but in several cases the agreement 


is so good that the points are not distinguishable 
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Minima of the Variable Stars of the Algol Type 





[Given to the nearest hour in Greenwich Mean Time.] 


U CEPHEIL. A TAURI. R CANIS Mayjoris. 6 LIBRAE. 
1897. 1897 1897 1897 
d h d h d h d h 
Dec. :5 14 Dec. 13 22 Dec. 1 18 Dec, 7 18 
10 14 17 20 2 21 21 a7 
15 13 21 19 6 7 28 iy 
20 13 25 18 7 at U CORON.E. 
25 13 29 17 8 14 Dec. 6 18 
30 12 9 ae 13 15 
10 «18 30 22 
ALGOL. S CANCRI. 11 99 . Ree ay 
me = le U OPHIUCHI. 
1897. Dec. 10 14. 15 7 Dea 8 19 
d h 29 13 16 11 : 17 4. 
Dec. 2 15 a7 16 25 14 
5 12 18 19 si 
8 8 S VELORUM. 23 8 W DELPHINI. 
16 23 1897 24 11 1897 
19 20 d h 25 15 d h 
22 16 Dec. 8 14 26 18 Dec. 2 12 
25 13 14 13 27 21 7 7 
28 10 20 11 29 0 26 13 
31 ’ f 26 10 30 4 31 8 


The above ephemeris was computed for PopuLar AsTRONOMY directly from 
the elements given in Chandler’s Third Catalogue and supplements. All the 
minima are given which occur in the night hours in American and European 
longitudes when the star is above horizon, except for U Ophiuchi whose period is 
so short, 20" 7™ 43%, that only every tenth minimum is given, from which the in- 
termediate ones can be interpolated with sufficient accuracy. 


$677 QR fufinti. 
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The ephemeris of the long period variables is not given in this number for the 
following reason. Dr. Chandler has kindly informed me, in a private letter, that 
he will compute an ephemeris for 1898, which will appear in the Astronomical 
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Journal this fall. Under these circumstances it was thought unnecessary to dupli- 
cate his work. It will probably appear in time for the January and February 
ephemeris to be extracted, and published in the December number. 

Variables Suitable for Observation with 2 or 3-inch Telescopes on Portable 
Stands. Only a limited number of variables become bright enough for observa- 
tion with these apertures, and a portable stand, especially an alt-azimuth, is not 
convenient for finding faint stars unless they happen to be near a naked eye star. 
The following list contains some variables which satisfy the two conditions of 
brightness and location, being not far from their maxima, and in position for 
evening observation. 

TABLE 1. 





Red Magnitudes. ia Pestad 


: R.A Dec 
esi 1855 — Max min d 
h m 5 ? 4 

678 U Persei 150 oO 54 7 64 7.2—8.2 11.6 318 
5601 S Ursae min. 15 35 19+ 79 t Pe 7 7A 11.5 328 
5677 R Serpentis 15 44 +45 34.6 3.7 5.6—7.6 13 357 
5889 U Herculis 16 19 23'4+19 136 65 66—7.811.4— 12.7 409 
7045 R Cvgni 19 32 564+ 49 525 6.0 59—S8.0 <14 426 
7609 T Cephei 21 7 33'+- 67 54.4 6.3 5.2 6.8 8.6 10.7 387 
8290 R Pagasi 22 59 22+ 9 45.7 41 6.9—7.9 <13 380 
8324 V Cassiopeae 23 5 27\4+ 58 53.8 7.1—8.0 12.4 229 
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In Table 2, the first column repeats the number of the variable; the last col- 
umn gives the number of PopuLarR AsTRONOMY in which the chart for the star 
will be found. 

There has lately been a call for such a list of stars tor observation with a 21% 
inch telescope, on a portable alt-azimuth stand. It is hoped that this list may 
help some others who have similar instruments, and who would begin observing 
variables, if the means for finding them were at hand 
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TABLE 2 


site Finding Star Variable fron finding star Max P.A. 
Variable : - a 
name mag. dist. direction. 1897. No. 
678 g, 4 Persei 4.9 % north preceding Oct. | 15 
5601 4 Ursae min. 5.3 14 north Nov.| 37 
(A Serpentis 3.8 1 following | 
5677 Sept. 47 
ly - 4.0 114 south preceding | 
5889 y Herculis 3.8 |1 south following Oct. 47 
7045 69 Cygni 1.7 3 following Dec. 4.7 
7609  Cephei 3.4 21% south preceding Dec. 6 
{55 Peyasi ..7 \1 north ) 
8290 : Sept. 47 
\58 ae 63% ° north preceding} 
8324 1 Casiopeae 5.0 1 following Sept.. 15 


The New Variable in Hercules, charted in the October number has received the 


designation 6100 RV Herculis. It was 12.5 magnitude Sept. 28. , 


COMET NOTES. 


Comet b 1897 (Perrine.)—This comet was discovered on the evening of 
October 16 about y o'clock with the new Bruce Comet Seeker of the Lick Obser- 
vatory. 


At 17° 45™ 22* Gr. M. T. its position was 
@ @’ 36" 7°.88, 6 + 66 46’ 437.6 


It was found to have a daily motion northward of about 1°%4° 


and westward 
of about 5™, 


It will be seen from these circumstances that it is always above the 
horizon of any place north of 25° north latitude and from its motion it is likely 
to remain a circumpolar object for some weeks yet. 

The comet is only of moderate brightness, but can be seen in a three-inch tele- 
scope without difficulty. 

There is a well marked condensation which is about equal in brightness to a 
star of 8th magnitude. This condensation is decidedly elliptical, the longer axes 
being at least twice the shorter and lying ina great circle passing through the 
Sun. In this condensation and very near to the end nearest the Sun 


is a sharply 
defined star like nucleus of about the 12th magnitude. 


The diameter of the neb- 
ulosity surrounding the head is inthe neighborhood of 2’ with a short fan 
shaped tail extending away from the Sun. 

On October 17 it was examined with the 36-inch refractor which showed it 
much more clearly, and with which a narrow tail could be traced for a distance 
of 3’ or 4’. The character of the head was much better seen and the nucleus was 
estimated to be at least as bright as the 12th magnitude. . 

A photograph was secured on the evening of October 17 with the Crocker 
photographic telescope by Professor Hussey, upon which the tail can be traced to 
a distance of 10’, C. D. PERRINE, 
Lick Observatory, University of California, 

October 18, 1897. 
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Elements and Ephemeris of Comet b, 1897, Perrine. 


From the obseryations, 


G. M. T. 1897 App. @ App. 0 Observer. 
h m s 
Oct. 16.73515 3 36 6.28 66 46 42.6 Ferrine 
: 18.64514 3 24 0.48 69 43 55.9 Hussey 
‘** —20.65788 3 6 21.15 72 46 15.0 Hussey 
which are already corrected for parallax and aberration, we have derived the fol- 


lowing elements and ephemeris of this comet 
ELEMENTS 

T 1897, Dec. 9.89171 G. M. T 

» 67 G 55.2 

\ 32 8 37.4 

i 69 45 43.2 

log q 0.129500 


O—C: JA’ cos f’ - 2” 8: 26 + 2’ .4 
CONSTANTS FOR THE EGUATOR 

x r [9.937763] sin (v + 169 22 430 
r [9.698274] sin(v +169 13 283 

z r [0.000000] sin (v 79 20 24.7 


EPHEMERIS FOR GREENWICH MEAN MIDNIGHT. 





1897, G. M. T True@ True § 7a Aber e. Brightness 
h m s s 

Nov. 1.5 21 22 11.00 80 47 I I 51 1.12 

- 5:5 19 49 14.74 77 +14 } 1.09 
9-5 19 5 20.31 73 19.5 > 2 1.04 

2.5 Is 12 22.80 6S 54 29.5 ” 2S 0.05 

“ IS 29 59 605 : 0.2 S 7 5§9 )2 

mi Is 2 15.51 oI 148 10.7 S I S 

5 Id 15 19.70 55 SI 11.4 14 s 13 0.80 

5 Is It 35.97 56 16 27.7 7 5 0.74 





The brightness at discovery is taken as unity 


6 W. |. HUSSEY AND R. G. AITKEN. 


Lick Observatory, University of California, 


Oct. 26, 1897. 


Elements of Comet b 1897 (Perrine).—The comet has been observed at 
Goodsell Observatory at every favorable opportunity. With the 16-inch telescope 
it appears as the miniature of a great comet, somewhat like the comet discovered 
by Wells of Dudley Observatory in 1882. It has a stellar nucleus of about the 
12th magnitude, a narrow bright streak of tail 4’ or 5’ long and a broader and 
exceedingly faint tail about 10’ long. The bright streak in the tail is so nearly 
equal in brightness to the very slight condensation around the nucleus, that ob- 
servers with smaller telescopes will be liable to bisect it rather than the nucleus, 
and so their observations may be as much as 1’ or 2’ in error. The nucleus is 


dd 


within 5” of the end of the bright streak, which throughout its length is not 
more than 15” wide. 

From the observation made by Perrine on Oct. 16, and two observations at 
Northfield on Oct. 22 and 29, Miss Anne S. Young and the writer have computed 
the following elements of the comet’s orbit 
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T = 1897 Dec. 8.7683 Gr. M. T. 
o=G@ i $2) 
Q=82 3 38}1897.0 
i=69 36 17 
log q = 0.132158 
Representation of middle place, observed — computed: 4A cos 6 = — 2”; 
4 g=-— 10” 
From these elements Miss Young has computed the following ephemeris, 
which represents an observation of Nov. 1 quite closely: 


EPHEMERIS OF CoMET b 1997 (PERRINE. ) 


Greenwich Midn. a 6 log 4 Brightness. 
h m s . . on 
Noy. 10 18 59 13.1 +72 5 44 9.9513 1.01 
14 39 «14.6 68 6 31 9.9698 0.95 
18 27 24.7 64 29 34 9.9890 0.88 
22 19 56.9 61 16 57 0.0033 0.82 
26 15 1.5 s6 27 50 0.0271 0.76 
30 II 40.4 56 Oo 20 0.0452 0.71 
Dec. 4 9 19.8 e262 43 0.0623 0.66 
8 7 39-3 52 I 21 0.0782 0.61 
12 15 6 25.7 50 25 46 0.0929 0.56 


CONSTANTS FOR THE EQUATOR. 
x — r [9.938241] sin (168 20 19.4 + 
vy =r [9.696837] sin (167 51 58.0 + 
z =r [0.000000] sin ( 78 13 18.3 4 


“a<aed 


H. C. WILSON. 
GENERAL NOTES. 


Much space, this month, is deservedly given to the conferences held in connec- 
tion with the dedication exercises of the Yerkes Observatory at Williams Bay, 
Wis. On this account some articles already in type are deferred. The mailing of 
this number is late in consequence of failures on the part of our engravers. 


Resignation of the Director of the Lick Observatory —After a con- 
tinuous connection with the Lick Observatory for 23 years and a service at 
Mount Hamilton since 1888, I have terminated my official relations with the ob- 
servatory to take etfect on December 31, 1897. My address after October 1 will 
be as below: EDWARD S. HOLDEN, 

Smithsonian Institution, 
Washington, D.C. 


Professor H.S. Pritchett, Superintendent of the U.S. Coast and 
Geodetic Survey.—From the Washington and St. Louis papers we learn that 
Professor H.S. Pritchett, of St. Louis has been appointed Superintendent of the 
United States Coast and Geodetic Survey. Prof. Pritchett is forty-one vears old. 
He studied at Pritchett Institute,Glasgow, Missouri. In 1876 was made computer 
in the U. S. Naval Observatory under Professor A. Hall, and later was chosen 
Assistant Professor of Mathematics and Astronomy in Washington University, 
St. Louis. His connection with the last named University has continued until 
the present time. He has been a member or director of several astronomical ex- 
peditions and he has had large experience in longitude work in the south western 
part of the Union. The appointment is a most fitting one. 
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Gifts to the Yerkes Obseryatory.—President W. R. Harper, in his ad 
dress at the dedication of the Yerkes Observatory, Thursday, Oct. 22, announced 
the gifts that had been recently made to the Observatory by Mr. Charles T. 
Yerkes and others indicating the value of the same as follows: 

The great 40-inch lens, $66,000; the mounting of the telescope, $55,000; the 
dome ninety feet in diameter, $45,000; the Observatory building, $135,000; fifty 
acres of land for the Observatory site given by Mr. S. Johnson, of Chicago, 
$50,000; the instruments of the Kenwood Observatory, given by Mr. Hale, value 
not named, also $3,000 for a spectroscope for the great equatorial 

Dr. Harper also announced that Miss Catherine Bruce of New York City whose 
munificient aid to the cause of astronomy has already greatly enriched the sci- 
ence, has given to the University of Chicago $7,000 for the purchase of a 10-inch 
portrait lens or doublet, for the photography of the Milky Way, the comets and 
the nebulz, and for the erection of a suitable small Observatory to house the 
instrument, the same to be placed on the grounds of the Yerkes Observatory, and 
to be known as the Bruce Astrophotographic Observatory. No provision had 
been made for an instrument of this kind in connection with the Observatory 
though its importance is beyond question. When the matter was presented to 
Miss Bruce, she generously supplied the money, and the new instrument will soon 
be made with such particular adaption to photographic work as the large experi 
ence of Professor E. E. Barnard will readily suggest. This benefaction is an im 
portant one, because by it the work so nobly begun at Lick Observatory by him 


can now be prosecuted under very favorable circumstances 


The Visiting Astronomers and Physicists in attendance at the con 
ference at the Yerkes Observatory were as follows 

Carl Runge, Director of the Spectroscopic Laboratory Technische Hochschule 
Hanover, Germany. 

James E. Keeler, Director of the Allegheny Observatory, Allegheny, Pa 

Edward C. Pickering, Director of the Harvard Coll. Observatory, Cambridge. 
Mass. 

E. Miller, Professor of Math. and Astrenomy, State University, Lawrence, 
Kansas. 

G. W. Myers, Directorjof the Observatory, University of Illinois, Urbana, III 

W. W. Payne, Director Goodsell Observatory of Carleton College, Northfield, 
Minn. 

Frank W. Very, of LaddjObservatory, Providence, R. | 

E. F. Nicols, Hamilton, N. Y. 

W. J. Humphreys, University of Virginia, Va 

Kurt Laves, University{of Chicago. 

Miss S. J. Cunningham, Swarthmore Coll., Pa 

Miss Mary W. Whitney, Observatory, Vassar College, Poughkeepsie, N. Y. 

Miss Caroline E. Furness, Observatory Vassar College, Poughkeepsie, N. \ 

Henry Crew, Northwestern University, Evanston, III 

Frederick Seares, University of California, Cal 

W. H. Collins, Director of Haverford College Observatory, Haverford, Pa. 

Chas. H. Rockwell, Observatory, Tarrytown, N. \ 

Winslow Upton, Director Ladd;Observatory of Brown University, Providence, 
mR. i. 

Albert Flint, Washburn Observatory, Madison, Wis. 

John T. Hedrick, S. J., Georgetown Coll. Observatory, Georgetown, D. C. 
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Edwin B. Frost, Ubservatory Dartmouth College, Hanover, N. H. 

A. C. Behe, Chicago, III. 

Goodwin D. Swazey, University of Nebraska, Lincoln, Neb. 

Emily Newcomb Wilson,’ Boston, Mass. 

S. L. Pickering, Cambridge, Mass. 

Mabel M. Seares, Berkley, Cal. 

Simon Newcomb, Washington, D.C. 

Henry M. Paul, Naval Observatory, Washington, D. C. 

Charles Lane Poor, Johns Hopkins University, Baltimore, Md. 

C. L. Doolittle, Director of the Flower Observatory, University of Penn., 
Philadelphia, Pa. 

H. C. Lord, Director of the Emerson McMillan Observatory of the Ohio 
State University, Columbus, Ohio. 

C. M. McCloud, Director of the Observatory of McGill College, Montreal, Ca. 

M. B. Snyder, Philadelphia Observatory, Philadelphia, Pa. 

J. M. Van Vleck, College, Middletown, Conn. 

J. K. Rees, Director of Observatory, Columbia Coll., New York City. 

N. E. Bennett, Wilmington, Ohio. 

William R. Brooks, Director of Smith Observatory, Geneva, N. Y. 

Chas. A. Y.undin, Cambridge, Mass. 

J. G. Hagen,S. J.,Director of Georgetown Coll. Observatory,Georgetown,D. C. 

A. G. Stillhamer, Ill. Wesleyan Univ., Bloomington, III. 

A. W. Quimby, Berwyn, Pa. 

E. Colbert, Chicago, III. 

G. W. Hough, Director Dearborn Observatory, Northwestern University, 
Evanston, Ill. 

William Harkness, Astronomical Director, Naval Observatory, Washington, 
p<. 

Hugh D. Callendar, McGill University, Montreal, Ca. 

J. A. Parkhurst, Marengo, IIl. 

G. L. Hall, Colby University, Waterville, Me. 

F. R. Moulton, University of Chicago. 

A. Hall, Jr., Director of Detroit Observatory, Ann Arbor, Mich. 

H. S. Pritchett, Director Observatory, Washington University, St. Louis, Mo. 

G. C. Comstock, Director Washburn Observatory, Madison, Wis. 

J. A. Brashear, Allegheny, Pa. 

Cleveland Abbe, Washington, D. C. 

W. R. Warner, of Warner & Swasey, Cleveland, Ohio. 

A number of other scientists came near the end of the exercises whose names 
we were not able to secure. The entire number of visiting members was about 
seventy. 


Correction.—In my note last month about total eclipses of the sun, I wrote 
as follows: ‘*The Moon cast a shadow on the disk of the Sun!’’ The types got 
it thus, “*The Moon casts a shadow on the disk of the Sun.” Putting that s on 
cast, and replacing the exclamation point by a period, changed the meaning en- 
tirely, and caused me to make the same error I was complaining of in others. 
Oh! types. R. W. M. 











